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PREFACE. 



The present work is intended to supply Elementary 
Teachers, and Students *of Engineering, with simple, 
and at the same time demonstrative, expositions of the 
great leading principles of Practical Mechanics and 
Natural Philosophy, With the yiew of rendering the 
subject available for elementary instruction, the demon- 
strations are, for the most part, conducted on purely 
arithmetical principles; and numerous problems are 
given throughout the work as exercises for the pupil. 

I have consulted the able writings of Poncelet, Pam- 
bour, Morin, and WheweU ; but the chief source of my 
information has been ^^ The Mechanical Prmciples of 
Engineering and Architecture," by Professor Moseley, 
— indeed not a few of the subjects explained in the 
present volume, were adopted in consequence of the 
suggestions of this distinguished mathematician. Those 
who wish to pursue the subject farther, must study the 
great work just referred to. 

Without affecting any great claim to originality, I 
flatter myself that the scientific reader will here and 
there find something like new applications of the prin- 
ciples of WOBK. The formula which I have given for 
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finding the centre of gravity of an arch, cannot fail of 
meeting with the approbation of practical engineers, on 
account of its precision, and the labour which it is cal- 
culated to save, in deteimining the equilibrium of the 
arch ; and I may also venture to say, that the simple 
and arithmetical form given to many difficult problems 
on WoBK, especially those on the Steam Engine, will 
merit the attention of teachers, and students of engi- 
neering«, 

If this work should prove, — as it is designed to be, — 
a useful contribution to the educatioi^ writings of our 
times, it will afford me the highest pleasure, as it will 
give me the proudest recompence. 



, ;: T. TATK 



r, • 



Batterseoj Feb. 1847* 
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PBEUMINABY IDEAS ON WORK 

• 
L A hone, or any animal, does work when he moves with 

a loaded cart, or when he gives motion to any lund of machi- 
nery. A steam engine does work when it is used to lift 
water, or to drive a train of carriages along a railway, or to 
do in fact any sort of labour for which animals are employed. 
A man may work with his mind as well as with )iis body,«- 
when he works with his mind he performs intellectual labour, 
or the work of a reasoning being,— when he merely works 
with his body he performs physical labour, or mechanical 
work, which could be done quite as well by a steam engine 
or any other labouring agent. It is only the latter kind of 
work that will be considered in this treatise. 

Now it will easily be understood, that whenever mechanical 
work is done, there is a pressure or resistance exerted, and a 
certain space through which that pressure or resistance is 
exerted. Thus, when a carpenter saws a piece of timber he 
applies a pressure to the saw, and this occasions a resistance 
on the part of the timber to the motion of the saw. Now, 
whatever may be the pressure aj^lied to the saw, if it were 
not moved, there would obviously be no work done, and on 
the other hand, if the saw were moved without any pressure 
being applied to it, there would also be no work done. When 
a man carries a weight up a ladder or staircase, we say that 
he does work ; but if he stood still with his load, then, 
although he would sustain the same pressure, yet he would 
not do any work. Hence, in order to have work performed, 
we must have not only pressure, but that pressure must be 
sustained through a certain space. It is easy to form a rude 
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idea of the comparative quantity of work which two labour- 
ing agents might perform: — thus, if two men were to carry 
the same weight of material to the same height, then they 
would do the same work; and if the one were to carry one- 
half the weight to four times the height, then he would do 
twice the useful work of the other. But it is necessary that 
we should have some more definite means of estimating work 
than such methods of calculation afifbrd. 

As we measure a distance by the number <^ times that some 
unit of length, such as a foot or yard, is contained in the 
proposed distance ; or as we express the weight of any sub- 
stance by the number of times that some unit of weight, as a 
pound or a cwt, is contained in the proposed weight ; so we 
must fix upon some unit whereby to express the amount of 
labour or work which any agent may perform. Now the 
measuring unit must always be of the same sort or kind as 
the thing to be measured : thus we measure length by a unit 
of length, surface by a unit of surface, weight by a unit of 
weight, and so on. The measure of work, therefore, must be 
some unit of work. 

UNIT OF WORK. 
2. Tlie unit of work used in this country, is the labour 
requi^te to raise one pound through the space of one foot. 
T^us, if a man take a pound weight in his hand and raise it 
one foot, he will perform one unit of work; if he raise it two 
feet, he will perform two units of work ; and if he raise it 
thre^ feet) he will perform three units, and so on. Now if 
he take a four pounds weight in his hand, and raise it five 
feeti he will perform twenty units of work, because in raising 
one pound five feet, he will perform five units ; therefore in 
raising four pounds the same height, he will perform four 
times five units, or twenty units. Here thai we observe, 
that in order to obtain the work expended in raising any 
body, we multiply the weight of the body in lbs. by thd 
vertical space in feet through which it is raided. 
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As resistances and pressures of every kind maybe expressed 
in pounds, it follows tiiat the unit of work here laid down will 
measure every kind of work. It will also afterwards beseen 
that a unit of work is done whenever one lb. pressure is 
exerted through a space of one foot, no matter in what direc- 
tion that space may lie. 

Examples. 

Ex. 1. Bequi]:ed the units of work expended in raising a 
weight of 60 lbs. to the height of 23 feet. 

Units of work in raising 1 lb. 23 ft. sr 23. 

„ 60 lbs. = 60 times 23 =1380- 

Ex. 2. The ram of a pile engine weighs 7 cwt., and has a 
fall of 23 feet ; it is required to find the work performed in 
raising the ram. 

Weight of the ram in lbs. = 7 x 1 12 = 784 lbs. 

Units of work in raising 1 lb. 23 ft. = 23. 

„ 784 lbs. „ =784 times 23 = 18032. 

Ex. 3. Required the work' as in the last example, when the 
fall = 19 feet, and the ram= 14 cwts. Ans. 29792. 

Ex. 4. How many units of work would be required to raise 
4 cwts. of coals from a pit whose depth is 70 fathoms ? 

Weight of coals in lbs. = 4 x 1 12 = 448 lbs. 

Depth of the pit in feet = 70 x 6 = 420 feet. 

Work in raising 1 lb. 420 ft. = 420. 

„ 448 lbs. „ =448 times 420= 188160. 

Ex. 5. Required the work, as in the last example, when the 
weight = 3 cwts., and depth 25 fathoms. Ans. 50400. 

Ex. 6. If the weight of a man be 140 lbs., and if he ascend 
the perpendicular height of 50 feet, how many units of work 
would he perform ? 

Here the weight raised is in the man's body = 140 lbs. 

/. Work =140x50 = 7000. 

If the man were then to descend by a basket, it is evident 
that he would perform the same work upon a counterpoi^ 
weight, which he had done in ascending.- 
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Ex, 7. How much work would be required to pump £fOOO 
'Cubic feet of water from a mine whose depth is 160 fathoms? 
:Here the weight of a cubic foot of water is 62'S lbs., then. 

Weight of water is Q2'5 x 3000 = 187500 lbs. 

D^pth of the mine in ft. =: 160x6 = 960 feet. 

/. Work = 187500 x 960 = 180000000. 

Ex, 8. Required the work, as in the last example, when the 
cubic feet of water = 250, and the depth = 36 fathoms. 

Ans. 3375000. 

Ex, 9. If a horse draw 104 lbs. out of a well, bj means of 
a cord going over a wheel, moving at the rate of 2^ miles per 
hour ; how many units of work will he perform per minute? 

Space moved over per min. = ^^ — = 220 ft. 

/. Work per min. = 220 x 104 = 22880. 

Ex, 10. Required the work, as in the last example, when 
the weight =130 lbs., and the rate = 3 miles per hour. 

Ans. 34320. 

3. When considerable distances are measured, we use a 
higher unit than that of feet or yards; so, in like manner, 
when the work is very great, it is found more convenient to 
adopt a larger unit of work. Now Watt estimated that a 
horse could perform 33000 units of work per minute ; this 
work therefore is called a horse power. It will now be easy 
to express work done, in a given time, in units of a horse 
power, and conversely. 

Ex» 1. How many horse powers would it take to raise 1 cwt. 
of coals per minute from a pit whose depth is 200 fathoms ? 

Weight of coals in lbs. = 112 lbs. 

Depth of the pit in ft. =200x 6 = 1200 ft. 

As 112 lbs. of coals are raised every minute, 

/. Work done per min. = 112 x 1200 = 134400. 

Now a horse does 33000 units of work in this time, there- 
fore as many times as we can take 33000 out of 134400, so 
many horse powers must we have, that is. 

Horse powers, or H.P. = ^^ = 4-07. 
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Ex, 2. Required the H. P., as in the last example, when 
the weight = 5 cwts., and depth ^ 160 fathoms. Ans, 16*2. 

Eae. 3. How many H. P. would be required to raise 2000 
cubic feet of water per hour, from a mine whose depth is 180 
fathoms ? 

Weight of water in lbs. = 62-5 x 2000. 

Depth of the Hune in ft. = 180 x 6. 

-^ , . 62*5x2000x180x6 

/. VV ork per min. = ^ 

Ex. 4. Required the H. P., as in the last example, when 
the number feet = 2500, and depth = 86 fathoms. 

Ans. 40'7. 

Ex. 5. A Winding engine is moYed by two horses, what 
weight of coals will be raised per hour from a pit whose depth 
is 60 fathoms ? 

Work done by the horses per hour = 33000 x 2 x 60 = 
3960000. 

Depth of the pit = 300 feet. 

Work in raising 1 lb. of coals = 300. 

Now as 300 units of work go to raise 1 lb. of coals, there- 
fore as many times as 300 can be taken out of 3960000, so 
many lbs. must be raised in the given time. 

/. Number lbs. raised per hour = ■ g^^ = 13200 lbs. or 

5*9 tons. 

Ex. 6. Required the same, as in the last example, when 
the engine is moved by 3 horses, and the depth is 40 fathoms. 

Ans, 11*04 tons. 

Ex, 7. In what time will an engine, capable of performing 
the work of 8 horses, raise a ton of material from the depth 
of 170 fathoms? 

Work of the engine per min. = 33000 x 8 = 264000, 

Work in raising 1 ton = 2240 x 170 x 6 = 2284800. 

Here, as 'the engine does 264000 units of work every 
minute, therefore as many times as we can take this number 
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out of 2284800, so many minutes will be taken in raising one 
ton, that is, 

Number min. to raise 1 ton = WtVoV = ^'^ "^^• 

Ex. 8. Required the same, as in the last example, when 
the H. P. = 7, and depth = 47 fathoms. Ans, 2*7 min. 

Ex. 9. How many cubic feet of water will an engine of 20 
horse powers raise per hour from a mine whose depth is 80 
fathoms? 

Work done per hour = 33000 x 20 x 60. 

Work in raising 1 foot of water = 62*5 x 80 x 6. 

.'. Number ft. raised per hour = V^ ^ = 1320. 

Ex. 10. When the H. P. = 34, and depth mine = 72 
fathoms, required the same, as in the last example. 

Ans. 2493. 

Ex, 1 1. From what depth will an engine of 5 horse powers 
raise 4 tons of coals per hour ? 

Work done per hour = 33000 x 5 x 60. 

Work in raising 4 tons of coals 1 ft. = 2240 x4 x 1. 

.•, Number feet in depth = — ^^^^^ = 1 104 ft. 

Ex, 12. An engine is observed to raise 3 tons^of material 
per hour from a mine whose depth is 120 fathoms ; it is re- 
quired to find the horse powers of the engine, supposing ^ of 
its work to be lost in transmission. 

Work done per min. = ^ = 80640. 

Now only J of the work of the engine go to raise the 
materiaL 

/. Useful work of one H. P. per min. =ix 33000. 

Ex. 13. Required the same, as in the last example, when 
the weight = 5 tons, and the depth = 210 fathoms. 

Ans. 8-9. 

Ex. 14. What must be the horse powers of an engine 
working for 10 hours per day, to supply 3000 families with 
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80 gallons of water each per day, supposing the water to te 
raised to the mean height of 70 feet ? 
A gallon of water weighs 10 lbs. 

/. The water pumped per min. = ^ = 400 gals.- 

/.Weight „ „ 400x10=4000 lbs. 

H. P. = :?^^?=8-4. 

33000 

Ex. 15. Required the same as in the last example, when 
the time = 8 hours, number families =: 6000, number gal- 
lons = 40, and the mean height = 60 feet. Ans, 7'5. 

Ex, 16. Required the horse powers of an engine which 
pumps water from three diflferent levels, whose depths are 
40, 70, and 90 fathoms respectively ; from the first 20 cubic 
feet of water are raised per minute, from the second 10 feet, 
and from the third 35 feet. 

Work per min. in the 1st level = 62*5 x 20 x 40 x 6. 
„ „ 2nd „ = 62-5 x 10 x 70 x 6. 

„ „ 3rd „ = 62-5 x 85 x 90 x 6. 

.% Total work per min. = (20 k 40 + 10 x 70-1-35 x 90) 
62-5 X 6. 

4650 X 62-5 x 6 



••.H.P. = ^^::^:^5^=52-8. 



Ex, 17* Hequired the same as in the last example, when 
the depths are 20^ 50, and 70 fathoms, and the water raised 
from each, 30, 20, and 10 cubic feet Ans, 26*1. 

Ex, 18. Required the horse powers of the engine working 
the pumps, in the last example, supposing -J- of the work to 
be lost in transmission. Ans. 39*2. 

Ex. 19. How many cubic feet of water will an engine of 
12 horse powers pump, per hour, from a pit whose depth is 
40 fathoms, allowing that ^ of the work of the engine is 
destroyed by useless resistances ? Ans. 1056. 

Ex. 20. There were 4000 cubic feet of water in a mhie 
whose depth is 60 fathoms, when an engine of 70 horse 
powers began to work the pump ; now the engine continued 
to work for 5 hours before the mine was cleared of the 
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water ; requfred the number of feet of water which had run 
into the mine per hour, supposing ^ of the work of the 
engine to be lost in transmission. 

Effective work of the engine in 5 h. = 33000 x 70 x 60 x 
5xf 

Work in raising 1 ft. of water = 62*5x60x6. 

Number feet of water pumped ^ 38000 x 70 x 60 x 5 j<j 

|/ ^^^A 62-5x60x6x3 

20533. 

/. Water run in during 5 L = 20583—4000 = 16533 ft. 
„ „ lh.=i^^ = 3306ft. 

Ex. 21. A forge hammer weighing 2 cwts. makes 60 lifts 
per minute, now the perpendicular height of each lift is 2^ 
feet ; it is required to find the horse powers of the engine 
giving motion to the hammer. 

Weight of hammer in lbs. = 112 x 2 == 224 lbs. 

Work in each lift = 224 x 2 J = 560. 

Work in 60 lifts, or per min. = 560x60 = 33600. 

••• H- P- =3S = 1-02 nearly. 

Ex, 22. Required the same as in the last example, when 
the weight of the hammer =10 cwts., number of lifts per 
min. = 70, and height of each lift = 3 ft Ans, 7*1. 

Ex. 23. What must be the weight of the hammer in the 
last example, when the horse powers of the engine = 4 ? 

Ans, 5'6 cwts. 

Ex. 24. An engine of 5 horse powers raises 30 cwts. of 
coals per hour from a pit whose depth is 240 fathoms, and 
at the same time gives motion to a forge hammer which 
makes 25 lifts per minute, each lift being 3 feet ; it is re- 
quired to determine the weight of the hammer. 

Work done by the engine per min. = 33000 x 5= 165000. 

-rar t- • •• 1 • 30x112x240x6 af\r*Ark 

Work m raising coals per mm. = ^ = 80640. 

/. Work in raising hammer per min. = i65000--80640 
ss 84360. 
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Work per min. in raising 1 cn^t. of the hammer = 112 x 3 
x25 = 8400. 

/• Number of cwts« in the hammer = -tt^tt s 10 cWte. 

o400 
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4. The labouring force assigned, by Watt, to a horse has 
been found bj more recent experiments to be considerabi j 
too much ; the number 22000 appears to be about the work 
a horse of average strength will perform per minute ; how- 
ever, the number 33000 is still retained by engineers as th<^ 
unit of a horse power. It is also important to observe, that 
the labouring force of animals varies very much with the 
manner in which their muscular strength is exerted; and 
also, with the rate at which they labour. 

5. The following table (chiefly taken from Morin's Me- 
chanique Pratique,) shows the greatest amount of effective 
work which a labourer will perform under the different 
modes in which he exerts his muscular power. 

fVork done hy a Man per Minute, 

Duration of labour 8 hours per day. 

Raising his own body 4250 

Working at the treadmill 3900 

Drawing, or pushing horizontally 3120 

Pushing and drawing alternately in a vertical direction 2380 

Turning a handle , 2600 

Working with his arms and legs as in rowing 4000 

m 

Duration of labour 6 hours per day. 

Raising material with a pulley 1560 

Raising material with the hands 1 470 

Raising material upon the back and retyming empty 1126 
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Duration of labour 10 hours per day. 
Raising materials with a wheel-barrow on ramps...... 720 

Throwing earth to the height of 5 feet 470 

Useful work of a many in raising watery by different 

engines — 

Duration of labour 8 hours per day. 

With a windlass from deep wells 2560 

„ An upright chain pump 1730 

„ A Tread-mill 8176 

,, A Chinese wheel 2167 

„ An Archimedian screw 1505 

Raising water from a well, with a pail and rope 1054 

Work of Beasts. 

A mule will perform f the work of a horse, and an ass 
about ^. In a common pumping engine a horse will do 
17550 useful units of work per minute. 

These statements may suggest to practical men many 
inquiries relative to the economy of labour. 

Examples. 

Ex. 1. How many cubic feet of earth, weighing 100 lbs. 
per cubic foot, will a man throw to the height of 5 feet in a 
day of 10 hours long ? 

Work per day = 470 x 60 X 10. (See table.) 

Work in raising 1 c. ft. = 100 x 5. 

. xr^ ^ ^i. 470x60x10 -^. 

.V No. C. ft = :rrrT = = 564. 

lOOx 5 

Ex, 2. How many bricks will a man raise in a day of 6 
hours long to the mean height of 20 ft., allowing that the 
weight of a cubic foot of brick is 125 lbs., and that 17 bricks 
form a cubic foot ? 

l<(o. Bucks =nM^^ = 2756. 

Ex. 3. How many cubic feet of water will a labourer. 
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working with a pail and rope, raise from a well whose depth 
is 20 feet ? 

No- eft. =^^^^ = 404-7. 

Ex. 4. Beqnired the same, as in the last example, when 
the labourer works at the ehain pmnp. 
XT A. 1730x60x8 ^ry. o 
^^•^•^•=-i0762^=^'3- 

Ex, 5, How many tons* of material would a labourer, 
working at a tread-mill, raise in a day of 8 hours, firom a 
depth of 80 feet ? 

Work done per day s 3900 x 60 X 8. 

Work in raising 1 fon = 2240 X 80. 

- xr x - 3900x60x8 ,^ . 

/. No. tons = -^55^-;^3^ = 10-4. 

Ex. 6. What weight will the labourer, in the last example, 
raise per day, when working with a pulley ? 

XT A 1560x60x6 oi 

No. tons = =s o'l 

2240x80 

Ex. 7. How many cubic feet of water will a man raise, 
with a common pump, in a day of 8 hours, to the height of 
50 feet, allowing that he can perform, in this case, 2600 
units of work per minute ? Ans. 399*3. 

Ex. 8. How many tons of coals would a man raise, 
working with a wheel and axle, from a jnt whose depth is 
26 fathoms ? 

XT A ^^00 X 60 X 8 g.^ 

No- ♦ons=g25o7i576 = 8'7- 

Ex. 9. How much per ton must the labourer, in the last 
example, receive, so as to yield him 2s. 6d. per day ? 

Ans. Sd. 

Ex. 10. What would be the cost per ton, in Example 8., 
when the material is raised by a horse, allowing 8^. per day 
for the horse and driver, and that the horse performs 22000 
effective units of work per minute, working for a day of 8 
hours ? Am. 3d.y nearly. 

86 
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< £x. 11. What would be the cost per ton, in example &, 
when the material is raised by 2 asses, costing Ss. per day ? 

Ex. 12. How many strokes per day will two men, work- 
ing at a wheel and axle, give to the ram in example 2., Art 2. ? 
Work per day = 2e00x60x 8 x2. 
Now the work in 1 stroke = 18032. 

.XT j^ X. 2600x60x8x2 ,00 

.'. No. Strokes s= jg^^ — - = 138. 

6. To compare the traction of animals with the rate at 

which they travel. 

The traction, or force with which animals pull, decreases 
with the increase of speed. The following table, given by 
Tredgold, shows the relation of speed and traction of a 
horse. 

Rate in miles per hour. Traction in lbs. 

2 • 166 

3 125 
3^ 104 

4 83 
4^ 62^ 

5 41f 

The relation exhibited in this table may be generally ex- 
pressed by the formula, t = 2o0— 41f r, where t is the 
traction in lbs., and r the rate in miles per hour. From this 
formula it appears, that a horse will do the greatest amount 
of work when he travels at the rate of three miles per hour. 



WORK IN OVERCOMING THE RESISTANCE OF 

FRICTION. 

7. When a body ia moved slowly along a horizontal plane, 
the resistance to be overcome is due to friction. It has been 
found by experiment that this resistance, on a given surface^ 
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IB a certain proportional part of die weight of the body ; and 
that it is not affected by any change is the rate of the body's 
motion, or the extent of the nibbing Burface§. 

When a cart ia drawn along a very good McAdamized 
road, the reristance of friction is about ^ of the whole load, 
or about 74 lbs. per ton ; so that a horse, in order to draw a 
ton along such a road, must pull with the fnce of 74 lbs. 
This is called the traction of the horse. A carriage upon a 
railway only requires a pr^snre of )4if po^ °^ the weight 
to give it motion, or about 8 lbs. per ton. The fractions ^ 
and 7^ are called the coefficients of frictions. As the 
rubbing surfaces become smoother, these coefficients become 
smaller. 

Let w be a weight drawn upon 
the horizontal plane h b, by means 
of & weight p attached to a cord 
going over the wheel c ; then the 
' weight p,justnecessarytodraww 
along the plane, will be equal to 
the resistance of friction. If w be ] ton, then, in the case of 
the rtulway, p will be 8 lbs., and if w be 2 tons, p will be 2 
times 8 lbs., or 1 6 lbs., and so on. Now, whatever distance p 
descends, the weight w will be drawn along the plane the same 
distance ; hence the work don6 upon w will be the weight of 

■ a lbs. multiplied by the distance in feet through which it 
s, — or, what is the same thing, — the resistance of 
friction in lbs. multiplied by the space in feet over which w 
is moved upon the plane. 

a The work applied to a machine is consumed by the woil: 
done, or the useful work, t<^ther with the useless work, or 
the work destroyed by the friction of the parts of the machine. 
When the work applied exceeds the work consumed, the re- 
dundant work goes to increase the speed of the parts of the 
machine, which thus act as a reservoir of work. This motion 
will go on increamng until the ficak of the resistance and the 
usefU work are together eqnsl to thewoi^ applied, and thea' 
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the motion of the machine will become uniform. Thus» in a 
railway carriage^ at first the work of the engine exceeds the 
work of the resistances, and therefore the speed of the engine 
goes on increasing ; but, as the speed increases, the work of 
the resistances also increases, so that at length die engine 
attains a nearly uniform motion^ which is called the greatest 
or maximum speed, and then the work destroyed by the re- 
sistances will be exactly equal to the work applied by the 
moving power. It is on this principle that the following 
calculations are made. 

Work in moving a carriage upon a horizontal plane. 

Ex, I, What must be the effective H. P. of a locomotive 
engine, which moves at the steady speed of 30 miles per hour, 
upon a level rail, the weight of the train being 50 tons, and 
the friction 8 lbs. per ton, the resistance of the atmosphere 
being neglected ? 

Hesistance of friction = 8 x 50 = 400 lbs. 

Distance moved in ft. per min. =?OiL^ = 2640. 

Work of friction per min. = 400 x 2640. 
Now, as the speed of the train is uniform, the work of the 
resistances will be equal to the effective work of the engine^ 

- TT T» • 400x2640 «rt 

••• H. P. engine = -^3^5^ = 32. 

Ex, 2, Eequired the same as in the last example when the 
spee'd = 50 miles, and the weight = 60 tons. Ans, 64. 

Ex, 3. At what rate, in miles per hour, will a train of 80 
tons be drawn by an engine of 70 H. P. ? 

Work done by the engine per hour = 70 x 33000 x 60. 

Work consumed in moving the train 1 mile = 8 x 80 x 
5280. 

/. Number miles per hour = '^ll^^^^^ = 41-01 

miles. 

Ex, 4. Required the same as in the last example, when the 
weight =r 90 tons, and the H. P. == 60. Am. 81*2. 
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Ex. 5. An engine of 40 H. P. moYes with the maximum 
speedof 35 miles upon a level rail; required the gross load of 
the train* 

Work engine per hour = 40x 33000x60. 

Work consumed per hour in moving 1 ton = 8 x 35 x 
5280. 

• • N"™^ t""" = 8.85x5280 = ^^'^^ 

Or thus. 

Let X = the gross weight of the train in tons, then, work 
consumed per hour in moving the train = a; x 8 x 35 x 5280. 
But because the train is moving uniformly^ the work that is 
being consumed is equal to the work tiiat is being done by 
the engine. 

•\ X x8x35x5280= 40x33000x60. 

40x33000x60 g^ e 
•• *= 8x8^x5280 "^^^'^^ 

Ex* 6. Required the same as in the last example, when the 
H. P. = 80, and the speed = 45 miles. Ans. 83*3. 

Ex, 7. In what time wUl an engine of 50 H. P.^ moving a 
train of 90 tons, complete a journey of 40 miles ? 

Work expended in moving the tnun 40 miles as 8 x 90 x 
40 X 5280. 

Work engine per hour = 50 x 33000 x 60. 

TO- v t_ 8x90x40x5280 - -„ 

.'. Number hours = -= = 1*53. 

y xiuiuuu uviuD 50x33000x60 *^ 

Ex, 8. Bequired the same as in the last example, when the 
H. P. r= 60, weight train = 70 tons, and distance = 330 
miles. ^ Ans. 8*2. 

Ex. 9. What work per minute wiU a horse perform when 
travelling at the rate of 2 miles per hour? 

Here, by the table, Art. 6., the traction = 166 lbs. 

. txr u • 2x5280x166 oQOl« 

/. Work per mm. f=: ^ = 29216. 

Ex. 10. What gross load will a horse draw, travelling at 3 
miles per hour, upon a road whose friction is iV of the whole 
k)ad? 
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Here the traction is 125 lbs., but the gross load must be 
12 times this weight, or 1500 lbs. = 13*3 cwts. 

Ex. 11. At what rate will a hgrse draw a ton, on a road 
whose coefficient of friction is^J^P 

Here, traction = -^ = 74 lbs. 

Therefore, by the table, the rate must be between 4 and 4|- 
miles. 

Ex. 12. K a horse exert a traction of 160 lbs. when moving 
at the rate of 2^ miles per hour, what gross weight will he 
draw upon a road whose coefficient of friction is -j^, and what 
work will he perform per min.? 

Here the traction is -^ of the load, 

/. Load = 12 times 160 lbs. = 17*1 cwts. 

Distance moved in ft. per min, = ^\. — = 220. 

oo 

.*. Work done per min. = 160 x 220 = 35200. 

Ex. 13. K a horse draw a gross load of 1^ tons upon a road 
whose coefficient of friction is -^y what traction will he exert? 

Weight moved in lbs. = IJ x 2240 = 3360 lbs. 

Now the resistance of friction, or the resistance which the 
horse has to overcome is -^j^ of this weight. 

.-. Traction = -^ of 3360 lbs. = 168 lbs. 

Ex. 14. Required the same as in the last example, when 
the gross load = If tons, and the coefficient of friction = ^. 

Ans. 130f lbs. 

Ex. 15. In how many days of 8 hours long will a horse 
whose traction is 160 lbs., transport 12000 cubic feet of 
material, weighing 200 lbs. each cubic foot, to the mean dis- 
tance of four miles, on a road whose Coefficient of friction is^, 
supposing the weight of the cart to be ^ of the gross lpad« 
and that the horse travels with the full load at the rate of 2J- 
miles per hour, and returns with the empty cart at the rate 
of 5 miles per hour; required also the cost of the transport, 
allowing \08. per day for the driver and horse^ 

Gross load = 160 x 30 = 4800 lbs. 
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Net load = 4800 x $ = 3840 lbs. 

Weight of the material = 12000 x 200 = 2400000 lbs. 

/. Number of loads = ^^^ = 625. 

Time in going and returning with 1 load = 3; +7 = 2*4 

hours. 

/. Time in removing the whole material = 2'4 x 625 = 
1500 hours. 

1500 

/, Number of days* work = —g- = 187*5. 

Cost = 187-5 X 10*. = ^693. 15*. 

Ex. 16. How many horses would be required to complete 
the transport, of the last example, in 10 days ? 

From the last example we find that it would take 187*5 
horses to complete the work in 1 day, 

/. Number of horses to do the work in 10 days = -jJ^ of 
187-5 = 18-75. 

Ex. 11. Required the same as in Ex. 15., when the material 
= 24000 cubic feet, the weight of a cubic foot =s: 120 lbs., 
and the mean distance = 3 miles, the other data remaining 
the same. Ans. 168*75 daysy and cost £84. 7*. 6d. 

Work of the Saw Machine. 

9. The resistance to be overcome in the process of sawing 
is occasioned by the friction of the teeth of the saw upon the 
timber. According to Navier about 29000 units of work 
are required to saw a square foot of green oak planking. 
This datum will enable us to calculate the various elements 
that may be required in a problem. In the following calcu- 
lations no time is allowed for the adjusting of the planks. 

Ex. 1. What must be the horse-powers of an engine to 
cut 6000 sq. ft. of oak planking in a day of 10 hours long ? 

Work in cutting 1 foot = 29000. 

„ „ 6000 feet = 29000 x 6000. 

TO- 1 • 29000x6000 oft/^/w^ 

/, Work per nun. = — iq^^q *= 290000. 
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And H. p. = ^^ = 8-7 nearly. 

Ex, 2. Required the same as in the last example, when 
the number sq. ft. = 5600, and the hours per day = 12. 

Ans. 6-8- 

Ex, 3. In what time will an engine of 2-horse powers cut 
a plank 9 feet by 1*3 feet ? 

Work engine per min. = 33000 x 2 = 66000. 

Surface of the plank = 1*3 x 9 = 11'7 sq. ft. 

Work in cutting the plank = 29000 x 11-7 == 339300. 

/, Number min. in cutting = ,^,^^ = 5*1. 

ooOOO 

Ex. 4. In what time will an engine of 5 IL P. cut 300 
planks, each plank being 20 ft. by 18 in. ? Arts, 26*3 hours, 

Ex. 5, How many feet of plank will an engine of 4-horse 
powers cut in a day of 12 hours long ? 

Work engine per day = 95040000, 

But work in cutting 1 foot = 29000. 

/. No. of feet cut per day = ^^^= 8277-2. 

Ex. 6. K an engine of 4 effective horse powers cut 24 
square feet of Memel plank in 5 minutes, how manyunits of 
work are consumed in cutting 1 square foot ? 

Work engine in 5 min. = 33000 x 4 x 5 = 660000. 

But this result is the work destroyed in cutting 24 square 
ft. 

/. Work in cutting 1 foot = ^^ = 27500. 



WORK IN MOVING A BODY ON AN INCLINE 

PLANE. 

10 If a body be moved along any surface, without fric- 
tion, the work performed is equal to the product of the 
weight of the body in lbs. by the vertical height in feet 
through which it is raised. 



WORK ON Att INCLINE PLASE. 19 

Let a body be mOTed 
slowly along the line ACL 
T D F Y V, then the work 
done will be that which is 
due t* the perpendicular 
height H V through which 
the body is raised : because 
the work done through the 
vertical line A C is the same 
as that which would be done 
through H I ; now, because 

C I is a horizontal line, aad since there is no friction, it will 
not require any work to move the body from C to L ; in 
like manner the work done through the vertical line L T 
will be that which is dne to the perpeadicular height I N, 
and the work done on the horizontal line T D will be no- 
thing ; and BO on ; so that the whole work upon the body is 
simply that which would be performed in rtusing it through 
the vertical line H V. 

Now, since the parts A C, C L, T D, D F, &c, may be 
taken any relative dimensions, or they may be taken as 
smaU as we please j therefore the line A C L T D F Y V 
may be made to coincide with any assignable figure, or at 
least to approximatB to the form of any curve nearer than 
any assignable difference. 

11. JVork in overcoming the Te»iitances of fricHon and 
gravity. 

If the inclination of the plane, upon which a body is moved, 
is small, the pressure upon the plane will obviously be very 
nearly equal to the weight of the body ; hence the work of 
triction will be calcnlated aAer the manner explained in ArL 
T., and that of gravity by Art 10. 

Ex 1 . A tnun of 80 tons ascends an incline which has a 
rise of 2 feet in every 100 feet, with the uniform speed of 
15 miles per hour, what must be the efibctive horse-powera 
of the engine, the friction being as usual ? 
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Speed train per min as 1320 ft. 

Weight train in lbs. = 179200. 

Rise of the rail for 1 ft = Y§ir ^^ 

„ 1320 ft. = tBtt X 1320 = 26-4 ft. 

Hence it appears that the whole weight of the train is 
raised 26*4 ft. everj minute in opposition to gravity. 

.•. Work due to gravity per min. = 179200x26-4 = 
4730880. 

But work due to friction per min. = 8 x 80 x 1 320 = 844800. 

.". Total work per min. = 4730880 -f 844800 = 5575680. 

Ex. 2. Required the H. P., as in the last example, when 
the weight of the train = 90 tons, the rise = ^ in 106, and 
the speed = 20 miles. Ans, 92. 

Ex. 3. A train of 100 tons ascends an incline which has 
a rise of \ in 100 ; required the maximum speed when the 
effective horse-powers of the engine- = 80. 

Rise rail in 1 foot = 

„ 5280 feet, or 1 mile = 8*8 ft. 

Weight train in lbs. = 

.% Work due to gravity in 1 mile = 
„ friction „ == 

•*• Total work done in 1 mile = 

Work of the engine per hour = 

/. No. nules per hour = ^^^.^^^ = 25-5. 

Or thus. 
Let X = the speed of the train in feet per hour. 
Rise rail in 1 ft. = i-f- 100 = ^J^ft. 

„ „ X ft. =505^* 

.% Work due to gravity = 100 x 2240 x g^ 

„ „ friction = 100 x 8 x ar. 
Now the work due to gravity per hour, added to the work 
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due to friction per hour, must be equal to the work done bj 
the engine in the same time. 

.% 100x2240x^+ 100x8xar = 80x83000x60. 

/. X = 135000 ft = 25-5 miles. 

Ex. 4. A train of 60 tons ascends an incline which has a 
rise of ^ in 100 ; required the maximum speed per hour, when 
the effectiYe horse-powers of the engine =40. Ant. 1 8*4 mUes. 

Ex, 5. An engine of 50 H. P. ascends a gradient having a 
rise of j- in 100 ; with the steady speed of 20 miles per hour ; 
required the weight of the train in tons. An$, 37*8 tons. 

This example may be wrought after the method of Ex. 5. 
Art. a 

Ex. 6. A tnun of 100 tons descends a gradient having a 
rise of ^ in 100, with the steady speed of 60 miles per hour ; 
it is required to determine the H. P. of the engine. 

Here, work due to friction per min. = 4224000. 
„ work due to gravity „ = 224000 x 13*2 s 

2956800. 

In this example gravity acts with the engine. 

/. Work engine per min. = 4224000 — 2956800 =s 
1267200 

And H. P. = 38*4. 

Ex* 7. A train of 80 tons descends a gradient having a 
rise of \ in 100, with the uniform speed of 50 miles per hour; 
it is required to determine the H. P. of the engine. Ans, 5*6. 

Here it will be observed, that the work of gravity acts with 
the work of the engine. 

Ex. 8. If a horse exert a traction of 160 lbs., what weight 
will he pull up a hill which has a rise of 3 feet in 100 feet, 
supposing the coefficient of friction to be ^ ? 

Work of the horse in moving over 100 feet = 160x 100. 

Work of friction in moving 1 lb. over 100 ft. = -^ x 100. 
gravity „ „ =1x3. 



>i 



100 

Total work in moving 1 lb. ovet 100 ft = -j^ + 3= 1 1-3. 
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No. lbs. drawn = ——-^ — lbs. = 12*6 cwts. 

11*3 



Ux, 9. What would be the backward pressure of a horse in 
going down a hill which has a rise of 5 in 100, with a load of 1 
ton, supposing the coefficient of friction to be ^3^? Atis. 37'4 lbs. 

Ex, 10. How many horses would it take to draw a load of 
6 tons up a hill having a rise of 2^ in 100, supposing the 
resistance of friction to be -j^ of the whole load, and the 
traction of each horse 160 lbs.? 

Work due to friction in moving 6 tons over 100 ft. = 
„ gravity „ „ = 

Total work in moving 6 tons over 100 ft. = 

Work of 1 horse in 100 ft. = 

Total work 



• • 



No. horses = 



= 9-1. 



Work of 1 horse 

Ex, 1 1. What work will a horse perform in transporting a 
load of 1 ton, on the road in the last example, to the distance 
of 10 miles, when the total rise is 50 feet ? 



Work due to friction = 



2240 
12 



X 10 X 5280. 






„ gravity = 2240 x 50. 

Total work = 9968000. 



Work in raising 3 lbs; to r= 3 x H r 

to e =s 3 X H e. 



C 

€ 

n 



WORK IN RAISING MATERIAL HAVING A 

GIVEN FORM. 

12. Let n b be the mass raised from the 
horizontal line H B, C the middle or 
centre of gravity of the mass, e and r 
points equidistant from C. Now, if we 
suppose equal weights (say for example 
3 lbs.) to be placed at e and r, the centre 
of gravity of these weights will be at C, 
then 



H 



R 



f9 



9> 
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•*, Total work in raising the material at r and e = 3 x H r 
•+-3.X H« = 3(Hr + H«) = 3 x2 x HC. 

Now the same may be proved for any two points equi-dis- 
tant from C^ hence the work in raising the whole material wUl 
he its weighty multiplied hy the height to which the centre of 
gravity is raised^ 

The demonstration here given may be easily extended to 
more general cases. 

Ex^ 1. Required the work in raising the material in a wall 
40 ft. long, 16 ft high, and 2 ft. thick ; supposing the weight 
of a cubic foot of the material to be 150 lbs. 

Contents of the wall = 40 x 16x2. 

Weight „ = 40 X 16 X 2 X 150. 

Now the height of the centre of gravity of the wall will be 8ft 

.-. Work = 40 X 16 X 2 X 150 X 8 = 1536000. 

Ex, 2. The shaft of a pit is to be sunk 120 feet in depth, 
and 6 feet in diameter ; required the work in raising the 
material, supposing a cubic foot to weigh 100 lbs. 

Number cubic feet in the shaft = 6^ x -7854 x 120. 

Weight of the material „ = 6 « x -7854 x 120 x 100 
= 339292-8 lbs. 

/. Work = 339292-8 x -~ = 20,357,568. 

Exk 3. In how many days would a man working with a wheel 
and axle, raise the material in the last example ? Ans, 16*3. 

, Ex, 4. Required the work in raising 3 cwts. of coals from 
a pit whose depth is 20 fathoms, the circumference of the 
rope being 2 inches, allowing that the weight of 1 foot of 
rope of 1 inch in circumference is -046 lbs. 

Weight of 1 ft of the rope=2« x •046=-184 lbs. 

Weight of the whole rope=s-184 x 120=22-08 lbs. 

.-. Work in raising the rope= 22-08 x 152= 1324-8. 

Work in raising the coals=112 x 3 x 120=40320. 
.-. Total work=1324'8 + 40320=41644*8. 
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Ex. 5. The material in the largest PjramicLs, Cheops, is 6 
millions of tons, and the perpindicular height is 480 feet ; 
required the bushels of coals which would be consumed in 
raising the material, supposing that a bushel of fuel, employed 
in our best steam-engines, can perform 70 millions of work ; 
required also the time which an engine of SOO-horse powers 
would take to raise the materiaL 

Weight of the material = 6000000 x 2240 lbs. 

Now the centre of gravity of a PTramid is at one fourth the 
perpendicular height estimated from the base. See Art* d4. 

A Work = 6000000 X 2240 X ^ 

4 

... Number bushels^^ ^^^^-'^^ ^ 28040. 

■^* "r^® = 33000 xIS^x 60x24 = "^ days. 

Ex, 6. This side A B, of a cube of granite is 4 feet, and 
the weight of a cubic foot is 170 lbs. ; it is required to find 
the work necessary to overturn it on its edge A. 

Here the distance, A g, of the centre k 
of gravity from the edge = ^ V 2 x 4* 
= 2-828. 

When the cube is about to fall, the centre 
of gravity g will be at n, in the vertical 
line Ah. A B 

/, the distance, r n, the centre of gravity will be elevated 
= 2*828 - 2 = -828 ft 

.'. Work = 64 X 170 X -828 = 9008. 

Ex. 7. The perpendicular height, D V, of a right pyramid 
is 12 feet, the side of the base AB, which is square, is 8 feet, 
and a cubic foot of the material weighs 100 lbs. ; it is re- 
quired to find the work necessary to overturn the pyramid 
upon its edge A. 

When the body is about to fall, the centre of gravity, ^, 
will be at n in the vertical line A A, and the work in bring- 
ing the body to this position, will be due to the vertical 
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distance, r n^ through which the centre of gravity has heen 
raised. 

ThenD^ = Ar = ~=:3; AD = f =4; -4 ^ or A « 

= >v/4HT2=6; andr«= 5-3 = 2. 

Weight of the pyramid = 8^ x y x 100 = 25600 lbs. 

/. Work = weight y.rn^ 25600 x 2 = 51200. 

Observation. The work necessary to overturn any body 
is the true measure of its stability. 

Ex. 8. A cistern is 12 ft. long, 6 ft. broad, and 8 ft. deep. 
The height of the bottom of the cistern from the water in 
the well is 36 ft. It is required to find the work in filling 
the cistern with water. 

Wt. water in the cistern = 12 x 6 x 8 x 62-5 = 36000 lbs. 

Now the height to which the centre of gravity of the water 
is raised = |+36 = 40 ft. 

:. Work = 36000 x 40 = 1440000. 

Ex, 9. Required the same as in the last example, when the 

cistern is 6 ft. long, 3 ft. broad, and 4 ft. deep, and the bottom 

of the cistern stands 18 ft. from the water in the well. 

Ans, 90000. 



WORK IN EXCAVATIONS WHEN THE MATE- 
RIAL IS TRANSPORTED BY MEANS OF BAR- 
ROWS, &c. &c. 

13. The following method of calculating the work of ex- 
cavatibn is that which is employed by the most eminent 
French engineers. ^ 

The material' is classed according to the number of pickmen 
necessary to keep at work a certain number of shovellers. 
Thus earth, of mean quality, requires 3 of the former to 2 of 
the latter ; whereas earth, of a harder quality, will require a 
greater proportion of pickmen. This proportion will, of 
Qourse, be fixed by the judgment of the engineer. A relay 
is the distance a barrowman will wheel a full barrow and re- 
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turn with an empty one, while a shoyeller is filling another 
barrow. This distance on the horizontal line is calculated to 
be 120 feet. The barrow is supposed to contain 1 cubic foot 
of the material, and a shoTeller to lift 500 cubic feet of earth 
per day. When the material is to be raised to the surface, 
this is supposed to done by means oi ramps formed of planks, 
each 12 feet in length, and having a rise of 1 foot. The 
length of the relay upon the ramp is 80 feet. The mean 
height to which the material is raised, is the height to which 
the centre of gravity of the whole material is raised. 

Ex. 1. 60000 cubic feet of earth are to be excavated and 
then removed to the mean distance of 480 feet, the material 
is such as to require 3 pickmen to 2 shovellers, it is required 
to find the workmen of each sort necessary to complete the 
work in 20 days. 

Number relays = — = 4. 

Hence for each shoveller we must have 4 barrowmen; and 
as there are 3 pickmen for every 2 shovellers, the number of 
pickmen will be 3 times the ^ of the number of jshovellers. 

Number Shovellers to do the work in 1 day = ,.^ =: 120. 

dOU 

Barrowmen „ = 120 x 4 =s 480. 

Pickmen „ = | of 120 = 180. 

Now since the work is to be done in 20 days, the number of 

mep will be the^^^ of the number required to do the work in 

1 day. 

/, Number Shovellers to do the work in 20 days = y^ = 6. 

Barrowmen „ = *8^o--24. 

Pickmen ^, = VV=9. 

Ex, 2. Bequired the same, as in the last example, when the 

material = 50000 ciibic feet, the meab distance = 240 feet, 

and the material l^equires 4 pickmen to 3 shovellers. 

Ans, 5 Shovellers, 6f 'Pickmen, and 10 Barrowmen. 
Ex. 3. What would be the cost of the work in example 1., 
allowing the pickmen 3^., the shovellers 2s. 6d., and the 
barrowmen 2s. per day ? 
Wages of shovellers = 2s. Od. x 120 = ^615. 
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"Wages of barrowmen = 2$. x 480 == MS. 
„ pickmen = 8*. x 180 = £27. 

/. Total cost = £90. 

Ux. 4. Required the cost of excavating and then trans- 
porting 40000 cubic feet of material to the mean distance of 
700 feet by means of barrows, allowing 3 pickmen to 2 sho- 
vellers, and each workman 2s. 6d. per day. 

Number relays = {^ = 5*83. 

As a shoveller lifts 500 feet of earth per day. 

The number day's work of Shovellers = -^^ = 80. . 

„ „ Pickmen = — ^ = 120. 

„ Barrowmen = 80 x 6-83 = 466-6'. 

/. Total days' work = 6666 ; and cost = 666*6' X 2s. 6d. 
= £83. 6s. Sd. 

^ Ex. 5. Required the same, as in the last example, when the 
material = 25000 cubic feet, the mean distance 360 feet, and 
the material requires 2 pickmen to 3 shovellers. 

Ans. £29. Ss. Ad. 

Ex. 6. 70000 cubic feet of earth are first to be raised to the 
mean height of 8 feet by means of ramps, and then removed 
to the mean horizontal distance of 480 feet, the material 
requires 4 pickmen to 3 shovellers ; it is required to find the 
cost of the work allowing each labourer 2s. per day. 

Here there will be 8 planks in the ramp. 

/. Length ramp = 12 ft. x 8 = 96 ft 

Number relays on the ramp = f^ = 1*2. 

Number of relays on the level = -J^S- = 4. 

/. Total number relays = 1-2+4 = 5*2. 

Days' work of shovellers = * =140. 

barrowmen = 140 x 5*2 = 728. 

pickmen = 140 x f = 186J. 
.*. Total number days' work = 1054|. 
Cost = 1054f X 2s. = £105. 9^. ^. 
Ex. 7. Required the same, as in the last example, when 

c 2 
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the mean height = 12 feet, the horizontal distance =s 300 ft.» 
and the material requires 2 pickmen to 3 shovellers. 

Ans, £83. lOs, Sd. 

Ex. 8. 290000 cubic feet of earth are to be excavated and 
then transported, by means of an engine, to the mean dis- 
tance of 4 miles. The engine travels at the rate of 8 miles 
per hour with the full waggons, and returns with the empty 
ones at the rate of 12 miles. There are 24 cubic yards of 
earth conveyed each journey ; and the material is such as to 
require 2 pickmen to 3 shovellers. It is required to find the 
time in which the excavation will be completed, the number 
of men of each sort necessary to keep the engine going, and 
the cost of the excavation (exclusive of the engine), allowing 
Ss. per day of 10 hours long to each workman ; and that a 
shoveller can lift 500 c ft. of earth per day? 

Time each journey = f -f-j^ = f hours. 

/. Number journeys per day = lO-nf =12, 

.•. Number c. ft. conveyed per day = 24 x 27 x 12 = 7776, 

/. Number days to complete the transport=n7;^;^= 87*29. 
Number shovellers = -^^ = 15*652, 






Number pickmen = f of 15*552 = 10-368. 

9000 
500 



290000 

Number days' work of shovellers = = 580, 






• • 



„ pickmen = f of 580 = 386f , 

Total number days' work = 580 -h386f = 966 J, 
Cost = 966f X 3*. = £U5, 
Ex. 9. Bequired the same as in the last example, when 
the content of the material = 1200000 c. ft., the mean 
distance = 2 miles, the other data remaining the same. 

Ans. Time = 77*16 days; number Pi(^km€n ss 20*736; 
number Shovellers =z3l'lO^ i and Cast =: £600. 

WORK IN OVERCOMING THE RESISTANCE OF 

FLUIDS. 

14. Tlie resistance of the atmosphere to the motion of a 
body, varies as the square of the velocity. Thus, if the velo- 
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city of the body be increased 2 times, the resistance will be 
increased4 time8,if the velocity be increased 3 times the resist- 
ance will be increased 9 times, and so on ;— because when the 
velocity of the body is increased, there is not only a greater 
volume of air to be displaced by the moving body, but it also 
strikes with a greater force upon the fluid particles. The 
resistance also obviously increases with the extent of the 
surface opposed to the air. See Art. 59. 

JEx. 1. What must be the H. P. of the engine in Ex. 1. 8., 
supposing theiresistance of the atmosphere to the whole train 
to be 33 lbs. when moving at the rate of 10 miles per hour? 

Here,f^ = 3, that is, the speed is increased 3 times, there- 
fore the resistance of the air will be increased 9 times. 

.-. Resistance air = 33 x9 = 297 lbs. 

Work due to the resistance air per min. = 297 x 2640. 

But the work of friction per min. = 400 x 2640. 

.% Total work per min. = (297+400) x 2640 

^^ 33000 

JEx, 2. A train of 100 tons moves at the steady speed of 
40 miles per hour on a level rail ; it is required to find the 
H. P. of the engine taking the resistance of the air as in the 
last example. 

Here the speed per min. = 3520. 

Work due to friction per min. = 8 x 100 x 3520. 
„ the air „ = (4^)« x 33 x 3520. 

/. Total work per min. = 4674560, and H. P. = 141. 

£x. 3. Required the H. P. of the engine in Ex. 7. IX., 
supposing the resistance of the atmosphere to be the same as 
in the last example. 

Here the resistance of the air = (|*)« x 33 = 25 x 33 lbs. 

A Work due to this resistance per min. = 25 x 33 x 
4400 = 3630000. 

But work due to friction and gravity per nun. = 187734. 

^ ^ _ 8630000 + 1877S4 _ ■■ , g.^ 
•• H- -P- 33000 ^^^ 

X c 3 
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JSx* 4. The H. P. of an engine = 120, the uniform speed 
on the level rail = 30 miles, the resistances of the air and 
friction as usual ; required the weight of the train. 

Here the speed per min. = 2640 ft. 

Work due to the air per min. = 3* x 33 x 2640 = 
784080. 

Work engine per min. = 120 x 33000 = 3960000. 

•*• Work engine which goes to overcome friction = 3960000 
- 784080. 

Work due to friction per min. in moving 1 ton = 8 x 2640. 

. XT X - 3960000—784080 ,--.-, 

/. No. tons = g^^2g^^ = UOS. 

Ex, 5, Required the same as in the last example^ when 
H. P. = 140, and the speed = 50 miles. Ans. 28*1. 

JEx, 6. Required the weight of the train, in the last example, 
when it descends an incline having a rise of -j^^ in 100. Ans, 39. 

JEx, 7. If a boat, weighing 15 tons, undergoes a resistance 
of 33 lbs. when sailing at the rate of 2 miles per hour, what 
must be the effective H. P. to sustain a speed of 8 miles ? 
* Here, f = 4, that is the velocity is increased 4 times. 

.*. Resistance of the water = 4^ x 33 = 528 lbs. 

Work of resistance per hour = 528 x 8 x 5280. 

. XT T> — 528 X 8 X 5280 _ , , ^ 

. . n. r. - —60 X 33000 - ^^ ^• 

JEx. 8. How many horses would be required to move the 
boat^ in the last example, at the rate of 5 miles per hour. 

Traction = (f )« x 33 = 206 lbs. 

By the table. Art. 6., the traction of a horse at 5 miles is 
about 41 lbs. 

.*. No. horses = -— - = 5. 

41 

Ex, 9. What would be the cost of conveying 1 ton for 1 
mile, in the last example, allowing Ss, per day, of 6 hours 
long, for each horse ? 

Distance moved per day =5x6. 

.*, Cost of 15 tons for 1 mile = , ^ - 

5x6 
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THE MODULUS OF A MACHINE. 

15. The modulus* of a machme is the fraction which ex- 
presses the relation of the work done to the work applied. 
Thus if a machine should only perform one-half the woik 
that is applied to it» then the modulus^ in this case, would be 
^ or '5, However perfectly a machine may be constructed, 
there must always be a certain amount of work destroyed 
by the frictioh of the parts. The work that is thus destroyed 
depends upon the extent and nature of the rubbing anrfaoes. 
In many machines also, the power of the labouring agent 
may be exerted in a more or less efficient manner. Hence 
it is, that the modulus of one machine sometimes differs very 
much from that of another. The following table of ma- 
chines for the raising of water is taken from Morin's Me- 
canique Pratique. 

Modulus. 

Incline chain pump '38 

Upright „ -68 

Bucket wheel *6 

Chinese wheel *68 

Archimedian screw *7 

Pumps for draining mines, &c '66 

Ex. 1. If 2 H. P. be applied to a bucket wheel, how many 

cubic feet of water will be raised per hour to the height of 

18 feet? 
Work applied per hour = 2 x 33000 x 60. 

Work done „ = 2 x 33000 x 60 x '6. 

Work in raising 1 ft. of water = 62-5 x 18. 

. XT iv 2x33000x60x^ _on«> 

••• No. c. ft. = gg.5^18 = 2112. 

Ex. 2. If 5 H. p. be applied to a machine^ lifting 3000 
feet of water per hour to the height of 40 feet, what is the 
modulus of the machine ? 

* Professor Moseley first gave the general theory of the moduli of 

machines. 

C 4 
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Work applied per hour S5s 5 x 33000 x 60. 
Work done „ = 3000 x 62'5 x 40. 

Ex, 3. How manj H. P« must an engine have to ptunp 
7000 feet of water per hour, from a mine whose depth is 33 
fathoms ? 

Work in raising the water per hour = 7000 x 62-5 x 
33x6. 

Effective work of one H. P. per hour = 33000 x 60 x -GS. 

. TT P — 7000 X 62 5 x 33 x 6 _ ^^.^ 
• • ^' ^ SSOOO X 60 X '66 "" ^^ ^' 

Ex, 4. A cistern is 10 ft long, 7 ft broad, and 8 ft deep. 
The height of the bottom of the cistern from the water in 
the well is 56 ft. In what time will a man pump the cistern 
full of water, allowing that he performs 2600 units of work 
per minute, and that the modulus of the pump is '^ ? 

Wt water in the cistern = 35000 lbs; 

Ht to which the centre of gravity of the water is raised = 
f +56 = 60 ft. See Art. la. 

/. Work = 35000 x 60 = 2100000. 

Effective work of the man per h. = 2600 x 60 x *66 = 
102960. 

.*. No. hours = ^29go- = 20-4 nearly. 

Ex. 5. Required the same as in the last example, when the 

cistern is 7 ft. by 5 ft and the depth 6 ft., and the height 

from the water in the well 37 ft. 

Ans, 5*1 hours nearly, 

Ex. 6. What work would the water in the cistern, of Ex. 4, 
perform upon a wheel, which takes up ^ of the work ? 

Here wt water = 35000 lbs. 

Space through which the centre of gravity descends = 4 ft. 

/. Work = 35000 x4 xj = 56000. 

Ex. 7. In what time will a pumping engine of 4 horse 
powers fill a tank 15 ft long^ 10 ft. broad, and 6 ft deep, from 
a well 20 sq. ft. in the section, supposing the level of the water 
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in the well to be 40 ft below the bottom of the tank, when the 
engine began to work, and that no water ran in during the 
process ? 
Wt. water raised = 900 x 62-5. 

Depth to which the water is depressed in the well = — = 

45 ft. 
Now the distance between the centres of gravity of the 

water in the tank and that which is in the well is 40-f -- -j- 

f = 65-5 ft! 

.'. Work in pumping water = 900 x 62'5 x 65'5 = 
8684375. 

Effective work of the engine per min. = 4 x 33000 x '66 
= 87120. 

. T^T . S684375 -oo 

••• No. mm. = -gyy^ = 42-2. 

Ex, 8. Requiring the same as in the last example, when the 
tank is 12 ft. long, 9 ft. broad, and 8 ft. deep. Ans, 40*6 min. 



LABOURING FORCES- 
16. We shall now consider, more in detail, some of the 
most important labouring forces. Besides the labouring force 
of animals, the intellect of man has subjugated the elements 
of nature to perform work ; — the rolling stream and the water- 
fall have been made to move the water-wheel, in order to 
grind our com ; — the ocean, agitated by the attraction of 
distant spheres, does our work in its ceaseless ebb and flow, 
hj carrying our ships and barges to and from our inland 
cities ; — the air does our work, by pressing upon the sails of 
the windmill, and bearing vessels to our shores laden with the 
merchandise of distant lands ; — fire and water do our work, 
in the form of steam, — an agent as various as to the mode 
of its application, as it is exhaustless with respect to the power 
which it developes; — and the time may not be distant when 
even the most subtle and terrific agents of nature may be 

constrained to perform useful labour^ 

c 5 
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WORK OF WATER. 
Work of a Water^wheeL 

17. When water, or any body falls from a given height, the 
work which it is capable of performing, will just be that which 
woald be done upon it in raising it to the height from which 
it has fallen. It is no matter in what way this work is used,— 
whether the water falls into the buckets of an overshot wheel, 
or delivers its work upon the paddles of an undershot wheel, — 
the labouring force of the water will always be equal to the 
work due to the height of the falL 

Ex, 1. The breadth of a stream is 4 feet, depth 3 feet, 
mean velocity of the water 15 feet per minute, and the height 
of the fall 20 feet ; required the H. P. of the water-wheel 
which does -^ of the work of the water, and also the number 
of bushels of corn which the wheel will grind in a day of 10 
hours. 

Water going over the £M1 per min. s 4 x 3 x 15 = 180 
c. ft. 

Weight „ „ = 180 x 62-5 lbs. 

As this water descends the height of 20 feet. 

The work of the water per min. = 180 x 62*5 x 20. 

But the wheel does -^ of this work, 

/. Work wheel per min. = 180 x 62*5 x 20 x -7. 

A J TT -o 180 X 69*5 X 20 X "7 . ^^ 

• Now a horse power is able to grind 1 bushel of corn per 
hour, 

.•. Number bushels per day = 10 x 4-77 = 47'7. 

Ex. 2. Required the same as in the last example, when 
the breadth of the stream = 3 ft, depth = 2 fu, and velocity 
= 12 ft. Ans. H. P. = 1-9, and 19 bu^h. 

Ex. 3. The section of a stream is 4 feet by 2 feet, the 
mean velocity is 20 feet per minute, and the height of the 
fall 15 ; what will be the H. P. of the water-wheel whose 
modulus is *68, and how many cubic feet of water per min. 
will the wheel pump from the bottom of the fall to the 
height of 1 15 feet ? 
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Content water going over the ML per min. s 4 x 2 x 20as 
160 c. ft. 
Weight „ „ « 160x62-5 lbs. 

Work of the wheel per min. ss 160 x 62*6 x 15 x •68. 

And H.R = ^^Q^^^;^^^^'^ = 309. 

ssooo 

Work in pumping 1 c. ft. of water = 62*5 x 1 15, 

/. Number feet pumped per min. = ^^^ eg^x n5 ' ^^ = 
14-2. 

J^o;. 4. How man^ cubie feet of water per minute will the 
wheel, in the last example, pump frcMn the top of the fall to 
the eleyation there mentioned ? 

In this case, only a portion of the water of the stream goes 
upon the wheeL 

Space through which the water is pumped = 115—15 = 
100 ft. 

Work in pumping 1 c. ft. = 62-5 x 100. 

Work of 1 c. ft;, water going on the wheel = 62*5 x 15 x 
•68. 

•*• Number ft. going on the wheel to pump 1 ft. = 

62-5x100 __q,o 
e^-S X 15 X -68 ^°' 

Hence, in order to pump 1 ft. there must be 9*8 c. ft. fall 
upon the wheel, or it takes 10*8 ft. of the stream to pump 
1 ft., therefore the water pumped is just yf .-g- part of the 
whole. Now the whole water = 160 ft. per minute. 

.•. Water pumped per min. = |^% = 14*8 c. ft. 

Hence it appears that it would be more advantageous to 
pump water from the tap of the fall. 

Or thus. 
Let X = no. c. ft. of water pumped per min. 
No. c ft. water going over the fall = 160— a?, 
.•. Work of the wheel per min. = (160-a?)62-§ x 15 x -68. 
Work in pumping water per min. = oj x 62*5 x 100. 
But as all the work done upon the wheel goes to pump the 
water, we have, 

c 6 
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X X 62-5 X 100 = (160-a?)62-5 x 15 x -68. 
/. X = 14'8 c. ft. 

Ex. 5. How manj cubic feet of water will the wheel in 
Ex. 1. raise per minute, from the top of the fall to the height 
of 40 feet above that point ? Ans. 46*6. 

Ex. 6. How many cubic feet of water would be required 
per minute, to drive a water wheel of 4 effective horse 
powers, supposing the height of the fall to be 16 feet, and 
the modulus of the wheel *68 ? 

Work of the wheel per min. = 33000 x 4. 

Effective work of 1 c. ft. of water = 62-5 x 16 x -68. 

Now as many times as this work of 1 c ft. can be taken 
out of the work of the wheel per minute, so many feet of 
water must go over the fall per minute. 

/. Number feet water = r^-^ — ,/ ^^ = 194*1. 

62*5 X 16 X *68 

Or thua, Let x = no. c. ft. of water. 
Work of the wheel per min. = a? x 62*5 x 16 x '68. 
But this work must be equivalent to 4 horse powers, 
A arx62-5xl6x'68 = 33000x4, 

_ 88000 X 4. _ iQ^ 1 
• • ^ - 62-5 X 16 X -68 "" ^^^'^• 

Ex. 7. Required the same as in the last example, when 
the H. P. = 2, and the height of the fall = 20 ft. 

Ans. 77-6. 
Ex. 8. What must be the fall of the stream in Ex. 3. so 
that the wheel may perform the work of 3 horses ? 

Ans. 14*5 ft. 

Work of the Hydratdic Ram. 

la From the experiments of Eytelwein, a celebrated 
German mathematician, it appears that the modulus of a 
hydraulic ram of the best construction is '87. 

Ex, 1. In a hydraulic ram there are 14 gallons of water 
spent per minute, the fall of the water is 10 feet, it is re- 
quired to determine the number of cubic feet of water which 
will be raised per minute to the height of 30 feet. 
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Weight water spent per min. sb 140 lbs. 
/. Work applied per min. = 140 x 10 = 1400. . 
/. Work done per min. = 1400 x '87. 
Work in raising 1 ft. of water s 62*5 x 30. 

/. No. ft water = ^^^ = '65. 

£x, 2. Required the same as in the last example, when 
the water spent =11 gallons, and the fall = 9 ft. Ans. *46. 

Ex, 3* To what height would the ram, in Ex. 1., raise ^ 
cubic foot of water per minute ? Ans. 39 /if. 

Work of ike Sun performed by evaporation, 

19. The heat of the sun is continually raising water into 
the atmosphere by evaporation. The vapour that is thus 
raised forms clouds at considerable elevations above the 
earth's surface; the rain, therefore, that falls from these 
clouds may be taken as the measure of the work of evapora- 
tion. In the torrid zone the annual fall of rain, at a medium, 
is about 105 inches, while in the extreme parts of the north 
temperate zone it is not more than 15 inches. The mean of 
these quantities will be 5 feet, which may be presumed to 
be about the mean depth of the rain falling upon the whole 
of the earth's surface. Now if we suppose 1000 feet to be 
the mean height from which rain falls, we have, 

The work upon 1 mile in R P. = ^7878400 x 5 x 62-5 x looo 

'^ 365 X 24 X 60 X 38000 

= 502. 

/. Work on the whole of the earth's surface = 502 H. P. 
X 197000000 = 98894000000 H. P. 

Now, Arago states that all the steam-engines in Great 
Britain are equivalent to about 1 million of horse powers : 
hence it follows, that the work due to the sun's evaporation 
is more than 98894 times the work of all the steam-engines 
in this country. Such is the stupendous scale upon which 
the operations of nature are conducted. Although but a 
very small part of this work is available for the purposes of 
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macliineiy, yet it all serves an important end in the vast 
mechanism of creation. In faety as we raise water hj our 
machines to revive the drooping v^etation on some little 
arid spot of the earthy so nature, or rather the beneficent 
Grod of nature, hj the process of evaporation, scatters re- 
freshing showers over every portion of the globe. 

Work of a Tide upon the Thames. 

20. A spring tide raises the level of the water at London 
bridge, upon an average, 18 ft. 6 in., and at Battersea bridge 
11 ft. 6 in. ; the mean height, therefore, between these places 
is 15 ft. Taking 900 ft as the mean breadth of the river, 
and the distance between Battersea and London bridge to be 
5 miles, we have, 

Wt. water elevated each tide between these places = 
900 X 15 X 5 X 5280 x 62-5. 

Now the work done in each tide, bj Art. 12., will be this 
weight multiplied by the height the centre of gravity of the ' 
water is elevated, which, in this case, is 7*5 feet. 

• II l> 900xl5x5x5280x62'5x7*5 annn 
••"•"^•=' 12-5x60x33000 =^760. 

The work, for this distance, will be equivalent to the work 
of 67 engines of 100 horse powers. And the work for the 
whole river will considerabfy exceed the work of 670 engines 
of 100 horse powers. 

fForh of the River Niagara, 

21. This river has a total descent of 334 feet, and dis- 
charges about 40 millions of tons of water per hour ; hence 
we have, 

•WTx J, :%' x. J • 40000000x2240,, 

wt water discharged per mm. = ^^ lbs. 

40000000 X 2240 x 334 






^- ^- = 60x33000 =15114343. 



This river, therefore, (see Art 19.) is capable of doing 
more work than 15 times the work of all l^e steam-engines 
in Great Britain. 
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WORK OF STEAM. 
Work of Steam, having a mean pressure, 

22. If steami in the cylinder ad ex^rt 
any constant, or mean, pressure upon the 
piston AB, say of 30 lbs. per square inch, 
then if a weight of 30 lbs. be placed upon 
every inch of surface in the piston, the 
elastic vapour would just be able to move 
the piston witii its weights through the 
length of the stroke in opposition to gravity ; therefore the 
work performed upon 1 inch of the piston in one stroke will 
be the pressure of the steam upon 1 inch multiplied by the 
number of feet in the stroke, and the work upon the whole 
piston will be the work upon 1 inch multiplied by the num- 
ber of inches in the whole piston. 

In the high pressure engine, the pressure of the atmo- 
sphere, — about 15 lbs. per sq. inch, — is opposed to the pres- 
sure of the steam. Besides this, a considerable portion of the 
pressure of the steam is required to overcome the friction of 
the parts of the engine. As a mean estimate, 1 lb. to the 
sq. inch is allowed for the friction due to the engine when 
unloaded ; and an additional friction of -f the effective pres- 
sure, or useful load, for the resistance necessary to overcome 
the friction of the loaded engine. Thus, if the pressure of 
the steam is 50 lbs., we shall have 15 lbs. for the pressure of 
the air, and 1 lb. for the resistance of the friction of the un- 
loaded piston, and then the remaining 34 lbs. will be taken 
up by the useful load and the friction arising from that load, 
that is, load +4- load = 34« lbs., or f load = 34 lbs., and 
therefore load == 29*75 lbs. This load is called the effective 
pressure of the steam. 

In the condensing engine, the pressure of the vapour in 
the condenser (estimated at a maximum about 4 lbs. per sq. 
in. of the piston) must be used in the place of the atmospheric 
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pressure ; thus, in this case^ we have load+^f load + 1 +4 ss 
total pressure of the steam. 

Ex, 1. The area of the piston of a steam-engine is 2000 
square inches, the mean effective pressure of the steam 1 5 lbs., 
the length of the stroke 8 feet, the number of strokes per- 
formed per minute 20 ; required the H. P. 

Work done upon 1 inch of the piston in 1 stroke = 15x8 
= 120. 

Work upon the whole piston in 1 stroke = 120 x 2000. 
„ „ 20 strokes = 120 x 2000 x 20. 

As this is also the work done per minute, we have, 

TT -D 120x2000x20 ^As A 

H. P. = ^^.^^ = 145*4. 

33000 

Ex. 2. The area of the piston of a high-pressure engine is 
500 inches, the length of the stroke 6 ft.^ the pressure of the 
steam 40 lbs., and the number of strokes made per min. 16 ; 
it is required to find the number of feet of water which the 
engine will pump per min. from a mine whose depth is 80 
fathoms, making the usual allowance for friction and the 
modulus of the pump. 

Here, load -♦- 4. load + 1 -f 15 = 40 ; /. 4 load = 24 ; 
and load = 21 lbs. 

.*• Useful work of engine per min. = 21 x 500 x 6 x 
16 X -66 = 665280. 

Work in pumping 1 ft. of water = 62*5 x 80 x 6 = 
30000. 

.-. No.c.ft.= ^ftfiftftf =22-1. 

Ex. 3. Required the same as in the last example, when the 
pressure of the steam is 48 lbs., and the depth of the mine is 
160 fatiioms. Ans. 14*7. 

Ex, 4. Required the H. P., as in Ex. 1., when the area of 
the piston = 500 inches, pressure of the steam = 33 lbs., 
length of the stroke = 4 feet, and the number of strokes 
per min. = 16. Ans, 32. 

Ex. 5. What must be the mean effective pressure of the 
steam in the last example, so that the engine may do the 
work of 20 horses ? 
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Work engine per min. = 20 x 33000. 

Work of 1 lb. pressure of steam per min. = 500 x 4 x 16. 

T.^ „ 20x33000 o/\« 

.'. No. lbs. = ^^o^^^-jg = 20f . 

Or thuSf 

Let X = no. lbs. pressure on each sq. in. of the piston ; 
then, work steam per min. =zxx 500 x 4 x 16. 

.-. a?x500x4x 16 = 20x33000; ,•. «=20f. 

£x. 6. The area of the piston of a high-pressure engine is 
3000 inches, the length of the stroke 10 feet, the number of 
strokes, per min. 16 ; required the mean pressure of the steam 
so that the engine may perform the work of 120 ^horses, 
making the usual allowance for friction. 

Work per min. of steam with 1 lb. effective pressure = 
3000x1x10x16. 

Effective work per min. = 33000 x 120. 

/. Effective pressure on 1 inch of the piston = 3000 x ioxi6 

= 8-25 lbs. 

/. Pressure steam = 1 -f 15 + 8-25 + | x 8-25 = 

25-4 lbs. 

Ex. 7. Required the same as in the-last example, when the 
area of the piston = 800 inches, the length of the stroke = 
6 ft., the number of strokes per min. = 20, and the H. P. 
= 40. . Ans. 31-7 lbs. 

Ex, 8. The length of the stroke of a high-pressure engine 
is 8 feet, the area of the piston 1000 inches, and the number 
of strokes made per min. 20 ; what must be the pressure of 
the steam so that the engine may pump 80 cubic feet of water 
per min. from a mine whose depth is 120 fathoms, making 
the usual allowance for friction and the modulus of the pump ? 

Work done per min. = 80 x 62-5 x 120 x 6 = 3600000. 

.-. Work engine per min. x '^ = 3600000. 

And work engine per min. = 5454545. 

Useful work on 1 inch of the piston in 1 stroke = „^- ^;^^^ 

* 20 X 1000 

= 272. 
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/• Useful load = -^ = 34 lbs. 

Pressure steam = 34+^ + ^^ + ^ = ^^'^ ^^^ 
Ex* 9. Required the same as in the last example, when the 
depth of the mine is 100 fathoms, and the length of the stroke 
10 feet. Ans. 41*9 lbs. 

Work of Steam, vnth a mean pressure, considered in relation 

to the water evaporated, 
' 23. The true source of work in the steam-engine is the 
evaporating power of the boiler. The magnitude of the work 
not onlj depends upon the quantity of water evaporated in a 
given time, but also upon the temperature, and consequently 
the pressure at which the steam is formed. Experimental 
tables have been formed, giving the rehition of the volume and 
pressure of steam raised from a cubic foot of water * ; these 
tables will enable us to find the volume of the steam when its 
pressure and the volume of the water are given, and vice versa. 
The following will serve as a specimen of this table. 

Volume of a cubic foot of water in the form of steam at the 

corresponding pressures. 



Press, lbs. 


VoL 


Press, lbs. 


VoL 


30 


883 


48 


575 


36 


767 


50 


554 


40 


679 


55 


508 


45 


610 


60 


470 



JSx. 1. In a high-pressure engine the area of the piston is 
100 inches, the length of the stroke 2 ft. 6 in., the effective 
evaporation of the boiler *335 c. ft. per minute, the pressure 
of the steam in the cylinder 50 lbs., and the loss due to fric- 
tion as explained in Art 22. ; reqtdred the useful load per 
square inch of the piston, and the useful H. P. 

* The Author has given a general formula ezpresring this relation with 
remarkable exactness, between the range of 5 and SOO lbs. pressure. This 
formula is, Y^a + h P* ; where V u the yolume of a cubic foot of water 
in the form of steam at P lbs. pressure; 0^12*5, &as 20570, and as 
— '9301. See Mr. Hannis able Vork on the steam-engine. 
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Here hj Art. 22., f useful load = 50—15—1 = 34 lbs. 

.*. Useful load = 29*75 lbs. 

Now by the experimental table, a cubic foot of water in 
the state of steam at 50 lbs. pressure has a volume of 554 
eft. 

/• Volume steam evapo. per min. = 554 x *335. 

Volume discharged at each stroke = — =~ — = 1'73. 

/. Number strokes per min. = — pz^ — = 107. 

Work in 1 stroke = 29*75 x 100 x 2-5. 
Work in 1 min. = 29*75 x 100 x 2-5 x 107. 

A J Ti -D 29-75 X 100x2-5x107 <.. 

AndH.P.=: ^^^ = 24. 

Ex, 2. Required the H. P., as in the last example, when 
the area of the piston = 120 inches, the length of the stroke 
= 2 ft. 3 in., the evaporation = *4 fit., and the pressure of 
the steam = 48 lbs. Am. 28. 

£x. 3. The area of the piston of a high-pressure engine is 
144 inches, the length of the stroke 3 feet, the pressure of 
the steam in the cylinder 48 lbs., the number of strokes per 
min. 20, and the loss of friction as usual ; it is required 
to find the useful load, the water evaporated per hour, and 
the useful H. P. of the engine. 

Useful load+l useful load = 48-15—1 = 32 lbs. 

/. Useful load = 28 lbs. 

144 X 3 

Volume steam discharged per min, = - x 20 = 60 

cubic feet. • 

„ „ hour = 3600. 

By the experimental table 1 c. ft. of water yields 575 c. ft. 
of steam at 48 lbs. pressure. 

.•, Cubic ft. water evapo. per hour = ^^ft^ = 6*2. 

XT 1> — 1 44 X 28 X 3 X 20 _ ,-.„ 
^' ^' "" 83000 " ' ^' 

Ex, 4. Required the same as in the last example when 
the area of the piston = 96 inches, length of the stroke = 
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2^ ft., pressure of the steam =s 60 lbs., and the number 
strokes ss 100. Ans. 21-2/2^ and Hi PL = 28. 

Ex, 5, Required the duty of the engine in Ex. 3., allowing 
that 1 bushel of coals can evaporate 11*5 feet of water. 

Here the useful work per hour = 144 x 28 x 3 x 20 x 60. 

Now this work is done by 6*2 ft of water. 

.-. Work of 11*5 ft* of water, or 1 bus. of coab= 144 x28 

X3x20x60x^ = 27 millions nearly, which is called 

the duty of the engine. 

Observation.' It has been found, by experiment, that 
whatever may be the pressure at which the steam is formed, 
the quantity of fuel necessary to evaporate a given volume 
of water is always the same. Hence it fbllows that it is 
most advantageous to employ steam of a high pressure. 

Ex, 6. A train of 100 tons moves at the uniform speed of 
20 miles per hour upon a level rail, the resistance of friction 
upon the rail is 7 lbs. per ton, the resistance of the atmo- 
sphere 33 lbs. upon the whole train when the speed is 10 
miles per hour, the diameter of the driving wheel 5 feet, the 
area of the piston 1 10 inches, the length of the stroke } feet, 
and in addition to the resistances of the preceding questions, 
the resistance due to the blast pipe is 1*75 lbs. per inch of 
the piston when the speed of the train is 10 miles per hour. 
It is required to determine the pressure of the steam, the 
evaporation of the boiler, and the number of bushels of coals 
necessary for a journey of 200 miles, allowing that 1 bushel 
will evaporate 11*5 c. ft. of water. 

Total resistance to the motion of the carriages = 7 x 100 
+(1^)2x33 = 832 lbs. 

Space moved over in 1 revo. of the driving wheel = 5 x 
31416. 

/. Work in 1 revo. = 5 x 3«1416 x 832. 

Work of 1 lb per inch pressure on the pistons in 1 
revo. of the driving wheel = 1 x 1 10 x f x 4. It will here 
be observed, that the engine has two cylinders, and that 
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each piston makes two strokes while the driving wheel tarns 
round once. 

.*• Effective pressure on 1 inch of the piston = 

5x8-1416x832 _ ^^.^ 
110x|x 4 

It has been found by experiment, that the resistance of 
the blast pipe increases with the speed of the engine. 

.\ Resistance due to the blast pipe = 1*75 x f^ = 3*5 lbs. 

.% Total pressure steam on the piston = 22*27+4-^ 
22-27 + 3-5 + 1 + 15 = 45 lbs. nearly. 

■w u J • • VI • 20x5280 

J^umber reva dnviiig wheel per nun. = 6o~~5~^-l4i6 
= 112. 

/• Number of strokes of the piston per min. = 112x4 = 
448. 

•*• Volume steam discharged per min. =s ^{^ x 4 x 448 = 
456 ft. 

But from the experimental tables 1 foot of water produces 
610 feet of steam at 45 lbs. pressure. 

/. Number feet water evapo. per min. = f^ = '74. 

As 1 bushel of coals evaporates 11*5 feet of water, 

The number bus. of coals used per min. = -^^. 

/• Number bus. for 10 hours, or the distance of 200 miles 
== ttV X 60 X 10 = 38-6. 

Ex. 7. Required the same as in the last example, when 
the speed = 40 miles, diameter of the driving wheel = 6 feet, 
area piston = 120 inches, and the length of the stroke = 
1*5 feet. Ans. Pressure =z 60 lbs,, nearly ; 1'98 ft of 

water per min. ; 51 bushels. 

Ex, 8. Supposing the weight of the goods and passengers 
moved in the last example to be 40 tons, what would be the 
cost of the transport of 1 ton per mile, due to the expendi- 
ture of fuel, allowing the coals to be \6d, per bushel? 

Ans, about ^ of a farthing, 

Ex. 9. In a locomotive engine the area of the piston is 90 
inches, the length of the stroke 16 inches, the pressure of 
the steam 50 lbs., the effective evaporation of the boiler *7 
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cubic feet per minute, the diameter of the driving wheel 5 
feet ; required the speed of the train per hour. 

At 50 lbs. pressure 1 foot of water forms 554 feet of 
steam. 

.\ Volume steam formed per nin. = 554 x '7 = 887-8 ft 
Volume steam discharged in 1 revo. of the driving wheel 

= WX4 = 3-33 eft. 

.*• Number revo. of wheel per min. = V-^r ^ 116*3. 
.*. Space moved over bj the carriage per min. = 5 x 
3-1416X 116-3 ft. 

. J J , 5x3 1416x116*3x60 

And Space moved over per hour = -^^ = 

20-7 miles. 

Ex, 10. Required the speed, in the kst example, when 
the pressure of the steam is 60 lbs., and the diameter of the 
driving wheel 6 feet. Ans, 21*1 miles. 

Ex, 11. The area of the piston of a locomotive is 80 
inches, the length of the stroke is 15 inches, the pressure of 
the steam 48 lbs., and the diameter of the driving wheel 5 
ft. ; required the effective evaporation of the boiler, so that 
the train maj have a speed of 30 miles per hour ; required 
also the effective H. P. of the engine, and the weight of the 
train, taking the resistances to the motion of the piston the 
same as in Ex. 6. 

No. revo. of the wheel per min. = ^^ ^ ^ ,^,^ = 168. 

^ 60x5x3*14 J 6 

.*. No. strokes of the piston per min. = 168 x 4 = 672. 
Load + I load = 48-15-1-1*75x3=26*75. 

... Load = ?^ = 23*4 lbs. 

.'. Effective work per min. = 23*4 x 80 x f x 672 = 
1572480. 

And effective H. R = '^UitV = 47. 

Now this effective work of the engine has to support a 
ftpeed of 30 miles per hour, or 2640 feet per minute, in the 
train in opposition to the resistances of friction and iht at- 
mosphere. 
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Work due to the resktauce of the atmosphere per min. = 
my X 33 X 2640 =x 784080. 

/• Work due to friction per min. =s 1572480*^784080 = 
788400. 

Work of friction when the train is 1 ton == 7 x 2640. 

/. No. tons in the train = ^^ = 42-6. 

7 x2640 

VoL steam disc each stroke = — ^ — • 

144 
80x1-25x672 

„ „ per mm. = ^^ • 

But, by the table, a cubic foot of water yields 575 feet of 
steam. 

.*. No. ft. of water evapo. per min. = — ^ — ^ — = •81. 

Ex. 12. Bequired the same as in the last example, when 
thQ area of the piston is 120 inches, the pressure of the steam 
60 lbs., and the speed 50 miles. 

Ans. Evaporation = 2'48 ft., H. P. = 157, and weight of 
the train = 50*3 tons. 

Ex. 13. If the engine in Ex. 11., move the train of Ex. 4. 
Art. U., what must be the effective evaporation of -the boiler, 
and the duty of the engine ? 

Speed per min. = ^ = 1620 ft. nearly. 

1690 

Number strokes of the piston = , o...i^ x 4 = 412. 

'^ 5x3*1416 

Effective work of engine per min. = 40 x 33000. 
Work of 1 lb. effective pressure per ndn. = 1 x 80 x 44 
x412. 

rr^jgf ^. i. X 40x33000 «« 

/. Effective pressure of steam = gp ^ la x 412 ~ ^^* 

/. Pressure steam = 32 -h | X 32 + 15 + l-j- ^f^* X 
1-75 = 55-7 lbs. 

The volume 1 c. ft. of water in the form of steam at 55*7 lbs. 
pressure is 504 c. ft. 

Number c. ft. steam discharged per min. = ^^^ x 412 
« 287. 
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•. Number c. ft. water evapo. per min. = § JJ == -57. 

Now this water performs 40 x 33000 units of work. 

/• Work 11*5 ft. water, or 1 bus. of coals = 40 x 33000 x 
4j^= 27 millions, which is the duty of the engine. 

£x, 13. Required the duty of the engine in Ex. 1., and the 
cost of a horse power in a day of 6 hours, arising from die 
expenditure of fuel, allowing that a bushel of coals cost 4d, 

Ans. 27-^ mUUons nearly^ and costs ] ^ 

Work developed by the Condensation of Steam. 

M. When water is raised into steam at the boiling tempe- 
rature, or 212^, its volume is increased 1711 times, or a cubic 
inch of water will very nearly form a cubic foot of steam. 
Now if steam at this temperature be allowed to enter the 
lower part of the cylinder, — (See figure to Art. 22.) — then 
the pressure beneath the piston will just counterpoise the 
pressure of the air upon the piston, and a small additional 
force will cause the piston to rise. If, then, the steam be con- 
densed by a jet of cold water, a vacuum will be formed, and the 
piston will be pressed downwards with the whole weight of 
the atmosphere resting upon the surface of the piston. But 
it has been found that a perfect vacuum cannot be formed.in 
this way, because water gives off vapour at all temperatures. 
Thus, at the temperature of 150**, the pressure of the vapour 
is 4 lbs. Now if 14*7 lbs. be taken as the mean pressure of 
the atmosphere, upon 1 inch of surface, we shall have, by the 
condensation of steam, upon an average, an effective pressure 
of 14*7 lbs. — 4 lbs. = 10*7 lbs. upon each inch of the piston. 

Ex. 1. Required the work developed by the condensation 
of a cubic foot of water, supposing 4 lbs. to be the elasticity 
of the vapour after condensation ; required also the duty of 
the atmospheric engine using the steam in this manner. 

Volume of the vacuum formed by condensation = 1 7 10 c ft. 

Pressure on 1 inch of the piston = 14*7 — 4 = 10*7 lbs. 

Now if we suppose the area of the piston to be 1 sq. foot, 
the length of the stroke will be 1710 feet. 
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.-. Work of 1 c ft. water = 144 x 10-7 x 1710 =« 
S634768. 

And 6utj or work of 1 bus. coals = 2634768 x 11-5 >■ 
30 millions. 

Ex. 2. What mast be the efifective eyaporatton of tbe boiler 
of ui atmospheric engine, so that the horse powers may be 30, 
allowing 3 lbs. for the elasticity of the rnpour in the condenser? 

Here work of the engine per min. = 30 x 33000. 

"Work of 1 c. ft. of water = (14-7-3) X 144x1710 = 



.". Kumber c. ft. of water evapo. per min,' = ' 
= -34 

tfork of Steam tued expantivefy, 

25. When steam is used expansiTely, it is allowed to enter 
the cylinder for only a part of the Etroke, and then, for ibg 
remaining portion, the piston is moved by the expansive force 
of the steam. This ia the most economical way of employing 
steam power ; for all the available work is taken out of the 
elastic vapour before it ia condensed, Now when the volume 
of steam, — or any elastic fluid, — is increased, its elasticity or 
pressure ia decreased in the same ratio ; that is, if its volume 
is increased two times, its pressure will be one-half of what it 
was at first, and so on. This ia called Marriotte's law. Let 
the steam be cut off when the ij 
piston is at C D, and let the I 
remaining part of the stroke I 
be divided into any even I 
nomber of parts ; then the I 
pressure of the steam upon I 
thepiston when it arrives at I 
the different lines, forming I 
the division, may be ascer* I! 

tained by the law just explained. Let dc, eo, rn, &c. bf 
lines containing as many units os there are units of pressure 
on the piston at the corresponding points of tke stroke, then 
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the work done from A B to C D will be the area of : the 
rectangle a dy because this work is the product of the pres- 
sure cdhy the space b d ; the work done from C D to F IS* 
will be represented bj the units in the curved space c dfk^ 
because the work done from D to </ is very nearlj the pres- 
sure c d multiplied by the space do^ and the work done froia 
47 to ^ it very nearly the pressure o e multiplied by o r, and 
so on. Now the smaller these intervab are taken the more 
nearly will the areas represent the work. In order to find 
the area of this space we shall employ Thomas Simpson's 
rule» viz. — *^ To the sum of the extreme ordinates, add four 
times the sum of the even ordinates, and two times the sum 
of the odd ordinates ; then this sum, multiplied by one-thiid 
the common distance between the ordinates will give the 
area." 

In all the following calculations the pressure of the steam 
in the condenser is taken at 4 lbs. per sq. inch of the piston. 

Ex. 1. In a condensing engine the length of the stroke is 
5 feet, the steam is cut off at 2 feet of the stroke, the pressure 
of the steam in the cylinder is 48 lbs., and the elasticity of 
the vapour in the condenser is 4 lbs. ; required the work 
performed upon 1 inch of the piston in 1 stroke. 

Let the space through which the steam acts expansively be 
divided into six equal parts, then each interval will be ^ ft., 

8 X 48 

iind by Marriotte's law, cd = 4S lbs, ; o tf = — g— = 38'4 

„ 2 X 48 00 IV 2 X 48 n»y ^ It 2 x 48 

lbs. ; n r aes --^ ss 32 lbs. ; — — = 27 '4 lbs. ; --j- 

= 24 lbs.; ~p = 21-3 lbs.; and kf ^ i^ = 19*2 

lbs. Then by Simpson's rule, 

Area c d kf,OT work done expansively on 1 inch of the 
piston in 1 stroke = 

|[ 48 + 19-2 + 4 (38-4 -f ^7*4 + 21-3) -h 2 (32-h24)j 
= 87-9. 
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Work done before the steam is cut off, that is, from A B to 
CD = 48x2 = 96. 

Work done against the piston by the vapour in the oon? 
denser s= 4 x 5 = 20. 

/• Total work on 1 inch of the piston = ST-O+Qe — 20 
= 163-9. 

Ex. 2. Required the same ad in the last example, when' the 
length of the stroke is 8 feet Ans. 197*2. 

This result is obtained by dividing the space of expansion 
Into 6 equal parts. 

Ex, 3. If the area of the piston, in the last example, be 
2400 inches, and the number of strokes per min. 1(^ how many 
'cubic feet of water will the engine raise per min. from a mine 
whose depth is 120 fathoms/neglecting all friction, kc. ? 

Ans.lOS. 

Ex, 4. The area of the piston of a condensing engine is 
1440 inches, the length of the stroke, including the clearance^ 
is 5 feet, the st^am is cut off at 1 foot of the cylinder, the 
clearance is ^ ft., the pressure of the steam is 30 lbs., the 
elasticity of the vapour in the condenser is 4 lbs., the effec- 
tive evaporation of the boiler is '2 c. ft. per minute, and the 
resistances as described in Art. 22. ; required the useful load 
and the useful horse powers of the engine. 

Here, dividing the space through which the steam acts 
expansively into 4 parts, and calculating the pressures by 
Marriotte's law, we have, 

Work done expansively on 1 inch = |^ -(30+6+4 (15 

+ 7i) + 2 X 10 } = 48-66. 

Now the space through which the piston moves before the 
steam is cut off is 1 — ^ = | ft. ; and for the same reason 
the total length of the stroke is 5 — j- = 4f ft. 

/. Work done before the steam is cut off = 30 x f = 22*5 
Total work steam on 1 inch = 48-66 + 22-5 = TMd 

/» Mean pressure steam = -pr^ = 14-9 lbs. 

D 2 
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V 

) 

• Bat by Art. 22., the resistances = load +-f load 4-1+4. 

Now these resistances make up the m^an pressure of the 
steam. 

/. Load+I load+ 1 +4 =s 14-9 ; hence load = 8-66 lbs. 

One cubic foot of water gives rise to 863 cubic feet of 
steam at 30 lbs. pressure. 

/• Volume steam discharged per min. = -2 x 883 = 
176-6 feet. 

Volume discharged at each stroke = ^|^ x 1 = 10 ft. 

,*. Number strokes piston per min. = -r^ = 17*66- 

Now the useful work per min. will be the continued product 
of the load, the area of the piston, the length of the stroke, 
and the number of strokes made per min. 

••• EfltectiTC H. p. = ^3553 = 31-7. 

Ex, 5. Required the H. P., as in the last example, when 
the area of the piston = 2000 inches, the length of the stroke 
= 10 feet, the clearance being neglected, the point at which 
the steam is cut off = 2 feet, the pressure of the steam = 50 
lbs., and the effective evaporation of the boiler = '8 feet. 

Ans. Useful H. P. = 1792 

This result is obtained bj dividing the space of expansion 
into four equal parts. 

Ex, 6. What must be the useful load when the length of 
the stroke is 10 ft., the pressure of the steam 60 lbs., the 
point at which the steam is cut off If ft, and the useless 
resistances as given in Art. 22. ? Ana, 20*2 Jhs, 

This result is obtained bj dividing the space of expansion 
into four equal parts. 

Ex, 7» What must be the evaporation of the boiler in the 
engine of Ex. 4^ when the steam has a pressure of 48 lbs., so 
that the effective H. P. may be 40. ? 

Proceeding as in Ex. 4., we find the load = 16*5 lbs: 
Effective work in 1 stroke = 16-5 x 1440 x 4'75. 
„ „ per min. = 40 x 33000. 
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A Number strokes per min.==—^^^i^?^. = 11-69. 

* Jo'5 X 1440x4-7a 

Volume of steam discharged in 1 stroke = 10 ft. 

„ „ per min. = 10 x 11-69 = 116 ft. 

. Volume 1 c« ft. water in the form of steam at 48 lbs. = 575. 
•*• Cubic ft. water evapo. per min. = \\l = -2. 
JSx^ 8. Required the dutj of the engine in £z. 4. 
Useful work per min. = 31*7 X 33000. 
Now this work is done by the evaporation of '2 ft. of water. 
/. Work of 11-5 ft of water, or 1 bus. of coals = 31-7 x 
33000 x-i^ = 60 millions, which is the duty of the engine. 



To find the point of the stroke at which the steam must be 
eut off so as to perform the greatest amount of work. 

20. When all the useful work is taken out of the steam^ its 
pressure, at the end of the stroke, must just be equal to the 
pressure of the useless resistances referred to one inch of the 
piston ; that is, the pressure at the end of the stroke (by Artn 
22.) = 1 + 4 + ^ load. The load being determined ap- 
proximately, it then remains for us to find the point, at which 
the steam must be cut off, so as to have its pressure, at the 
end of the stroke, equal to this quantity. 

It wiU readily be seen, that, if the pressure of the steam at 
the end of the stroke were greater than the sum of the useless 
resistances, then its expansion might be carried further, and 

lU be doing usefuLwork ; and on. the other hand, if its 

.ressure, at the end of the stroke, were less than the sum of 

the useless resistances, then the expansion would be carried 

too far, for the steam would be doing less work than that 

which would be destroyed by the useless resistances. 

In our best constructed engines, working with a crank, the 
' clearance has been reduced to a very small fraction : hence in 
calculations of this kind, this element may be neglected 
without incurring any sensible error. 

£x. 1. The length of the stroke = 5 ft, the pressun^ of 

% 2> S 
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the /ik^am = 30 lbs., the useful load = 8*4 lbs., and the use- 
less resistances as described in Art 22. ^ required th^ point 
of the stroke at which the steam must be cut off to jield all 
its useful work. 

Here, the useless resistances =s 1 +4-|-f o^ 8*4 s 6*2 lbs. 
The pressure of the steam, therefore^ at the end of the stroke 
must be 6*2 lbs. Let x = the point of the stroke where the 
steam must be cut off so as to have this pressure at the end 
of the stroke ; then, by Marriotte's law, 

30 X x=r 6*2x6, /. X =1*033 ft. 

Ohs. In this example we have assumed the useful load, 
but this ought to be verified.* 

Ex, 2. Required the same as in the last example when the 
load is assumed to be 9*1 lbs. Ans. lOSfi. 

Ex* 3. The length of the stroke = 10 ft., the pressure of 
the. steam = 40 lbs., and the resistance of the vapour in the 
condenser, together with the friction of the engine = 5 lbs. 
per sq. inch of the piston ; required the point at which the 
steam must be cut off so as to yield iJl its available work. 

Ans. \ft. 

Ex, 4. The length of the stroke s 6 ft, the pressure of 
the steam s 36 lbs., the pressure of the vapour in the con- 
denser = 3 lbs., and the total resistance of friction = 2 lbs. 
per sq. inch of the piston v required the same as in the last 
example. Ans. l^ft. 



TRANSMISSION OF WORK BY SIMPLE 

MACHINES. 

27. The object of machinery, properly so called, is to re- 
gulate the distribution, or change the direction of work,-— 

* The author fint gave this method in the Meehftnics' Maganne kn 
1844. 
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not to. increase it. If there were no friction or Itnj ofher 
resistances to the motion of the pieces composing a machine^- 
the work that would be given out would be' exactly equal to 
the work applied. Dead matter, bj its gravity, produces 
pressure, and by the intervention of mechanism that pressure 
may be increased or decreased, but work is peculiarly the 
production of active or living agents. To suppose that 
machines are capable of augmenting work, would be endow- 
ing inert matter with a creative power, — the power of 
creating work. It is true that man, in a certain sense, 
creates work by mechanical combinations, when he turns the 
mountain stream to drive a wheel, or to form a canal ; but 
Uere, the true source of the work is the heat of the sun. In 
all instances of labour, performed hyi inanimate matter, there 
is some active agent. of nature, such as heat, electricity, or 
gravitation, which gives rise to the work ; but, in the case of 
merely mechanical arrangements, the inert matter is the pas* 
sive recipient of work, or the channel through which it flows: 
hence we may lay it down as a fundamental axiom in me-* 
chanics, that (abstracted from friction and the resistance of 
the air) the work done by any machine u the same om the 
work applied. Now as the work is the product of pres- 
sure and motion, it follows that if the working point of a 
machine moves more slowly than the driving point, then the 
pressure at the former will be greater than it is at the latter. 



The Lever* 

88. Let P W be a rod, or lever, turning upon the fulcrum 
or centre F; P and W are weights which balance each 
other* or maintain the lever in equilibrium ; then when this 
IS the case, PxPF=tWxWF, that is, the units of weight 
in P multiplied by the units in its distance from F, will be 
equal to the units of weight in W multiplied by the units in 
its distance from F. 

o 4 



1 lAl 
1 'l II 


'ill 




1 
a . c 
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Here F ia culled tbe power, and W the p v W - 

weight or resistance^ and a mechanical O -^ O 

advantage is gained, inasmuch as a small 
weight or pressure is used to balance a large one. The pro* 
duct of anj weight bj its distance from the centre of motion, 
or fulcrum, is called the moment of that weight, and, there- 
fore, when the sum of the moments tending to turn the lever 
in one direction, is equal to the sum of the moments tending 
to turn the lever in the opposite direction, then the lever 
will be in equilibrium. This is a particular case of thq 
principle of the equality of moments. 

Ptaof, Suppose two uniform bars, I D and D C, to be 
suspended from their centres r and 
^, by means of cords attached to the ® ^ f b 
points A and B of the lever S R, 
turning upon the fulcrum F, which 
must evidently be in the middle of 
R S^ or over the middle of I C, in 

order to secure equilibrium. Let the weight of the bar I D 
;= 4 lbs., and the weight of D C = 6 lbs., then I D will 
contain four units of length, and D C six of these units. 
•Now it is obvious, from the figiure, that A F, the distance 
at which I D acts from the fulcrum, will contain 3 units, and 
B F, the distance at which D C acts from the fulcrum, will 
contain 2 units ; then since it appears that a weight of 4 lbs., 
suspended at A, balances a weight of 6 lbs., suspended at B, 
wv» cherefore have the following relation when equilibrium 
taaes place : 

4 Ib8.x3 = 6 lbs.x2, thati9» 
Wt. at Ax A F = wt. at BxB F. 

In precisely the same way the proposition may be esta- 
blished for any other case. 
Levers are divided into three kinds : 
Fint kind of lever. The power and weight are on opp<>- 
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site side* of the fulcrum. 
Here S R is the lever, F the 
fulcrum or centre of motion, 
P the power acting at A, and 
W the weight attacLed to 
tbe point B. A crow-bar, ft 
claw hammer, the handle of 
a common pump, a pair of 

scisgore, a fire poker, &c., belong to the firat kind of lever. 
And in all these instances a mechanical advantnge Je giveit 
to the power, whenever the arm A F by whicli it »cts is 
]ong;er than the arm B F by which the weight acta. Thus, 
if A F is twice B F, the advantage gained will be 2, that 
is, 5 lbs. at A will. balance 2 times 5 Jbs., or 10 Ibe. at B. 
Thus, if A F is three times B F, the advantage gained will 
be 3, that is, 7 lbs. at A will balance 3 times T.lba. or 21 lbs. 
at B. Or generally, as many times- as A F ia longer than 
B F, so many times will W be greater than P. Thja imme- 
diately results from the principle of equality of moments 
given in the preceding paragraphs. 

Second Aind of lever. The weight is between the fulc^m 
and the power. Here W is the 
weight, F the fulcrum, and P 
the power. The oar, nut- 
crackers, the bread-knife, the 
rod of a safety-valve, (see fig. 
Art. 31.), &c., belong to the 
second kind of lever. And in , 
all these instances, a mecha- 
nical advantage is given to tlie power in the same wny as in 
the lever of the first kind.. . Thu8,if A F i« three times B F, 
the advantage gained will be 3 ; therefore, a force of 4 lbs. 
applied at A will balance a wd^t of 3 limes 4 lbs. or 12 lbs. 
atB. 

T^rd kind of Uver. The power is between the fulcrum 



■nd the weight. Here P ia the 

power, F the fulcmm, and W 

the weight The fire-tonga, 

the sheep shears, the limba of i 

animtla, Ik., are instauceB of | 

the third kind of lever. Here i 

the power must be greater than 

the weight, because the distance i 

A r, at which the fonner acts, 

JB less than the distance B F, at which the latter acta. 

Ex. I. Let W = 80 lbs, W F = 8 inches, and P F = 16 
inches ; required F. See fig. page S6. 

Here by the eqnali^ of moments, 

Px 16 = 80x3, .*. P = W = 15 lbs. 

£x. 2. Let W = 90 lbs., W F = 4 inches, and P= 15 lbs.) 
required P F. 

16xPF = 90x4, .-. P F = 24 inches. 

Ex. 3, A man exerta a preasore of 80 lbs. npon a crowbar 
at & distwiee of 4 ft. from the fulcrom, what weight will h« 
balance at the distance of 4 inches from the fulcrum ? 

Wx4 = 80x48, .-.Ws 960 lbs. 

Or tkut. In this example, the leverage of the power it 
12 times the leverage of the weight, for 4 ft, are 12 times 

4 in., thyefore W will be 12 times P, that is, W — 12 times 
80 lbs. = 960 lbs. 

£3^4. Inaleverof thesec«ndkind,W = 201bs., BFs 

5 in., and A F = 25 in. ; reqnired P. 
HerePx25 = 20x5, .•.P=41bs. 

£& 5. In a lever of the second kind, P = 6 Ibfc, W = 
72 lbs., and B F = 8 in. ; required A F. 

6xAF = 72x3, .-. AF=.36in. 
Ex. 6. In a lever of the third kind, W = 28 lbs., B F = 
20 in., and A F = 7 in. i required P, 

Px 7 = 28x20, .'. P = 801bB. 

Ex, 7. In> lever of the first kindf,£ and 8 lbs., are placed 

on one side of the fulcrum, at the distances of 4 and 2 in. 

respectively from the fulcrum ; reqnired the power F, acting 
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i^t the distance of 12 in. from the fulcram, to maintain equi- 
librium. 

The efficacy of the 5 lbs. to turn the lever wjU be its 
weight multiplied bj its leyerage, or 5x4; and the efficacy 
of the .8 lbs. to turn the lever will be its weight multiplied 
by its leverage, or 8x2. Now the sum of these two 
moments, or tendencies to turn the lever, will be equal to 
the moment of P, or P x 12, tending to turn the lever in the 
opposite direction. 

.-. Px 12 = 5x4+8x2; .'.P = 3 lbs. 

Ex. 8. In a combination of three levers of the 'first kind, 
the long arms P F, AC, and 

B I, are 9, 10, and 12 in. re- p f a V b i ^ 
spectively, and the short arms I A ^ A | 

F A, C B, and I W are 8, 2, 

and 4 in. ; if a pressure of 5 lbs. be applied at P, what 
weight will be supported f^ yf^ 

Here in the lever P A, the pressure produced at A =: f x 
5 lbs. = 15 lbs. In the lever A B the pressure produced 
at B = V X 15 lbs. = 75 lbs- And in the lever B W the 
pressure produced at W = '^ x 75 lbs. = 225 lbs. 

Ex. 9. Required W, as in example 8., when the pressure 
of 60 lbs. is exerted at the distance of 6 ft. from the fulcrum, 
and the weight W U at 3 inches. Ans, 1440 lbs. 

Ex. 10. What is the mechanical advantage of the lever in 
the last example? Ans, 24, because the Weight is 24 

times the power. 

Ex, 11. In a lever of the second kind the power acts at 
5 fit., and the weight at 2 in. from the fulcrum ; required 
the power necessary to bahmce a weight of 4 cwts. 

Ans. 14*9 lb$* 

Ex, 12. At what distance from the fulcrum must the pres- 
sure in Ex. 8. be applied, so as to support a weight of 5 
cwts.? An$,2H inches; 

Ex* 18. In a oombination of three levers of the first kind, 
tiie long arms aire 2, 8, and 5 ft. respectivdy, and the short; 

D 6 
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srnis 4, 6, and 2 inches respectively ; if a pressure of 8 lbs. 
be applied, what weight wiU be balanced ? Ans, 3*8 tans, 

Ex. 14. In a lever of the first kind a weight of 4 lbs. is 
placed at the distance of 3 inches from the fulcrum, and on 
the same arm another weight of 7 lbs. at the distance of 5 
inches ; where must a pressure of 3 lbs. be applied to balanoe 
tiie lever? Ans. 15|- inches from the fulcrum. 

Ex. 15. Let P F and W F be the arms of a false balance, 
a certain weight Q weighs 16 lbs. when put into the scale' 
attached to the long arm, and only 9 lbs. when put into the 
opponte one ; required the true weight of Q. 

Here by the equality of moments, we obtain two equa- 
tions, 

QxPF=16xW=F; QxWF = 9xPF. 

Multiplying these equations together, and then striking 
cmt the common factors, we have, 

Q«= 16x9, /. Q=121bs. 

The principle of Worh as applied to the Lever. 

29rLet P F = 5 ft., W F = 1 ft., and P = 2 lbs., re- 
quired W. See fig. page ^6. 

Now in order to raise TV one foot, P must descend 5 feet, 
because P F is 5 times TV F, hence we have, 

Work ofP = 2x5; Work of TV = TV x 1. 
/. Wxl = 2x5, and W= 10 lbs. 

This result is evidently the same as that which would be 
obtained by the preceding method. Assuming the equality 
of moments, We may readily establish the principle of the 
equality of work, and conversely. 

The Lever when its weight is tahen into account. 

do. The tendency of a uniform beam or lever, S R, to 
turn upoa the fulcrum F, is just the same as if the whole of 
its weight were collected in its middle pointy or centre of 
gravity C«. See fig. to the lever of the second kind« 
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For if the preponderating side, S F, be hung from a cord 
A P placed so that A S = F R, then this cord wiH sustain 
one half of the weight of the beaiq. Now if the whole 
weight of the beam were collected at C, it would produce 
precisely the same strain upon the cord, therefore th^ beam 
acts as if the whole of its weight were collected in its middle 
point. 

JEx. 1. The weight of a lever of the first kind = 4 lbs., the 
length S R = 68 in-, S F = 60 in., A F = 50 in., B F = 
3 in., and W = 168 lbs. ; required P in order to mAint j^in 
the lever in equilibrium. 

Here the weight of the lever, acting in its centre of gravity 
C, co-operates with the power. Now, CF=SF — SC = 
60—^ of 68 26. Then by the equality of moments, we 
have, 

Px50+4x26= 168x3; .-. P=81bs. 

Ex. 2. The weight of a lever of the first kind = 2 lbs., 
SR= 30in.,SF=24in.,AF=:20in.,BF= 4in.,and 
W = 92 lbs. ; required P. Ans. 17'5 lbs. 

Ex. 3. Required P, in Ex. 1., when it acts at the extre- 
mity, S, of the lever. Ans. 6| lbs. 

Ex. 4. Where must a power of 10 lbs. be applied to the 
lever of Ex. 1. ? Ans. 40 inches from the fulcrum. 

Ex. 5. The weight of a lever of the second kind = 3 lbs., 
SR = 20in., SF= 16, A F = 14 in., B F = 2 in., and P 
= 60 lbs. ; required W. 

In this example the weight of the lever acts with W, hence 
we have, 

Wx2-f3x6= 60x14; .•.W= 411 lbs. 

Ex. 6. The weight of a lever of the second kind = 2 lbs., 
S R = 18 in., SF = 14 in., A F= 13 in., B F = 5 in., and 
P = 50 lbs. ; required W. Ans. 128 lbs, 

Ex. 7. In the last example, if W = 150 lbs., where must 
it be applied ? Ans. 4*26 inches from thefuUrunu 

Ex. 8. A lever of the first kind is 3 ft. long, and weigha 
16 ibs. ; a weight of 2 cwts. is placed at one extremity of tho 
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lever at the distance of 4 inches from the fulcrum. Where 
must a pressure of 30 lbs. be applied to balance the lever. * 

Ans, 22*4 inchei from ike fulcrum. 

Ex, 9. A beam B S, whose weight is 2 cwts., is supported 
by props at A and F, and a weight, W, of 12 cwts. is placed 
at B; it is required to determine the pressures upon the propa^ 
when R S= 40 ft., FR = 2 ft,B F= 10ft., and A F = 30 ft. 

See fig. to the lever of the second kind. 

Let C be the centre of the beam, th^ C B ss ^ of 40 =: 
20^ C F = 20-2 = 18, 

And supposing the beam to turn upon F as a fulcrum, we 
have, 

Pressure on Ax30 «12 x 10+2 x 18 sss 156. 

/. Pressure on A = ^ = 5*2 cwts. 

Now as the two props support the whole weight, or 14 cwt., 
we have, pressure on F = 14 — 5*2 sss 8*8 cwts. 

Ex. 10. Required the same as in the last example when 
B S ~ 50 ft. Ans. 5-53 and 8*47 cwts. 



To graduate the Lever of a safety Valve. 

31. The safety valve is intended to secure boilers from 
bursting by the elastic force of the steam. AFis&gra* 
duated lever of the second kind, turning upon F as a centre ; 
V is the valve opening or closing, as the case may be, the 
communication of the steam in the boiler with the external 
air; the lever A F rests upon the pin of this valve, and a 
sliding weight W is suspended from the lever, thereby 
enabling the engine-man to place any amount of pressure 
upon the valve, — this pressure measures the elasticity of the 
steam when it begins to escape. In order to graduate the 
lever, we must first find the sliding weight W, placed at the 
extremity A, so as to sustain the greatest pressure pf the 
steam ; we then proceed to find the position of this weight to 
give any proposed pressure in the steam. 

Ex. 1. The length A F of the lever is 20 inches^ the dis* 
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fence, Q F, between the pin of the rtive, V, and the fiil- 
orum, F, is 2 incliesi the weight of the valve is 4 lbs., the 
Treight of the lever 5 lbs., and theeection of the valve is 6 
aq. inches ; it is required to find the load W, so that when it 
ia placed at the extremity of the lever, the ateam may havs 
a pressure of 50 lbs. per 
square inch. 

Here total pressure of 
steam upon the valve = 
50x6 lbs. 

,". Effective pressure 
upon the lever =50x6— 
4 =296 lbs. 

Now the weight of the 
lever will act in its middle point, C ; ^ence we have, 

Wx20+5xlO= 296x2; .-, W = 27'llbs. 

Ex. 2. At what distance from the fulcrum must rhe load in 
the last example be placed, so that the steam may bare a 
pressure of 30 lbs. per sq. inch? 

Irft D be the required position of the load. 

Efi^ctive pressure of the steam upon the lever = 30 X 6— 
4 = 176 lbs. 

.•,271 xDF+5xlO=176x2j .% D F= 111 inohea. 

This distance, therefore, gives the pmition of the load when 
the pressure of the ateam ia SO lbs. ; proceeding in the same 
way the position may be determined for any other pressure. 

£x. 3. Sequired the positions of the weight, in Ex. 1., so 
that the steam may have the pressures of 40 and 20 Ibe. 

An4. 15'6 and 67 inchetfrom thefulerum 

32. A board whose weight is neglected, turns upon the 
centre 0, F and W are weights suspended from the points C 
and D ; it is required to find the conditions of equilibrium. 

As every point in the cord D W has the same stretch or 
tension, we may drive a pin through the cord at I, in the 
horizontal line I O A, without altering the equilibrium, and 
the same thing may be done with tbe cord CF,thenIand A, 




iS4 EXERCISES IK MECHAHIGS. 

being bow the points of suspension, the case 
proposed is reduced to that of a simple 
lever, and therefore the equation of equi. 
HbriumwillbeWxOI = PxOA. Now 
it is qo matter how the tensions of the 
cords D W and C P are produced :. hence 
if we call the weight, or pressure, W, 
multiplied by the perpendicular 1, the 
moment of W, then it follows when equi- 
librium takes place, that the moments tending to turn the 
body in one direction, will be equal to the moments tending 
to turn the body in the contrary direction. This proposition 
expresses the principle of the equality of mooients in its 
general form* 

We may ]i^egard th^' perpendicular upon the direction of a 
force, as the virtual lever by which that force acts. In a bent 
Uvevy DOC, for example, we have merely to consider the 
perpendiculars O I and O A upon the directions of the 
forces, as the virtual distances at which they act from the 
fulcrum. 

Ex, 1. In a bent lever the perpendicular O A on the direc- 
tion of F is 2 ft., and O I upon the direction of W is 3 
inches ; required P when W is 160 lbs. 

Here, Px24= 160x3; .'. P = 20 lbs* 

Ex. 2. The length of a claw hammer is 9 inches, and the 

distance of the nail from the head of the hammer is 1^ inches; 

'What advantage has the power in drawing the nail I Ans, 6. 

Ex, 3. A rectangular embankment k B (See fig. p. 24.) is 
being overturned upon A as a centre,. by a force P perpen- 
dicularly applied at the upper edge, it is required to determine 
the force P, when A A = 10 ft., A B = 4 ft., the length = 
20 ft., and the weight of a cubic foot of the material = 100 lbs. 

Here A k will be the perpendicular upon the direction of 
P, and therefore the virtual lever of P ; and ^ A B = 2 f t. 
will be the virtual lever by which the weight of the mass acts. 

CJontent embank. = 4 x 10 x 20 = 800 c. ft. 
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Weiglit emboiik. := 800 X 100 = 80000 lbs. 

Then bjr the equaUtj- of momeDtB, 

Px 10= 80000x2; .-. P= 1600011m. 

Ex. 4, Required the same aa i& the hut example, when the 
material is a cube, whose eide is 4 ft. Am. 3200^. 

Ex. S, A rope A D supports a uniform pole O D, resting 
on the groand at (X aad canjing the weight W, suspended. 
&om D ; it ia required to det^mine the tension of the rope, 
when O D=40 ft., A 0=20 ft., A D=fi0 ft., W= 80 cwta.* 
and weight of O D = 2 ewts. 

Here O D ma^ be regarded as a lever, turning on as ft 
centre- 
Draw P perpendicular to A D, 
utdCB averticalliae passing through 
the centre of gravity C of the pole, 
then the moment of the force stretch- 
ing the rope, will be equal to the 
B1UU of the momenta of the load and 
the weight of the pole, that is, 

Tension cord x O P = WxO N+wt. polexOR. 

We BOW proceed to find the perpendiculars P, N, and 
O B. In order to do tliis in the most simple manner, it will ba 
observed, that since the three sides of the triangle A O D 
are given, the area may be found by the common rule, which 
we find to be 380 sq. ft. nearly ; but the area is also expressed 

.-. *i!^ = 880,andOP = 15-2. 

In like manner, ^"J*^ = 380, and D N = 38. 

Bat ON = v 40»-38» = 12-5, .'. 0R=^ of 12-5 = 6-2. 

.-. Tension cord X 15-2 = 30 x 125+2 x 6-2, 

.•. Tension cord = 25'4 cwts. 

Ex. 6. Required the weight W, in the last example necea- 
sarr to break the cord A D, when it can just sustain a weight 
of 30 cwts. Atu. 35-4 otota. 
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Ex, 7. Required the tension of the cord A D, when its pod* 
tion is horizontal, O D = 50, D N s 40, W s: 15 ewts.» wd 
the weight of O D s 1 cwt. Ans. ll*6c«7if. 

Ex. 8. I^ the centre of gravity of the pole, in the last 
example, be 12 ft. from the lower extremity; required the 
position of the pole when the cord will break, supposing it 
capable of sustaining a weight of 12 cwta. Ant. N=z 30-9. 

Ex. 9. A platform A B, turning 
upon a hinge at B, is supported from 
falling by means of a chain A D, fixed 
to a hook D in the same vertical line 
with B, a weight of 6 cwts., is placed 
du the platform at Q; it is required 
to determine the force tending to 
break the chain, when the weight of the platform =9 2 cwts., 
AB = 6 ft., Q B = 5 ft., and B D. = 8 ft. Am. 75 cwis. 

Here A B is a lever turning upon B as a centre* The 
pressures tending to move the lever doumwarda are the 
weight Q, acting with the leverage Q B, and the weight of 
the platform itself acting in the middle point G. The pres- 
sure moving the lever upwaras is the force stretching the 
chain A D, acting with the virtual leverage B O, the perpen- 
dicular let fall upon A D. Now, as these forces balance 
each other, we have by the equality of*moments, 

Tension chain xB O =s weight Q x Q B+weight platform 
X G B. From this equation any term may be found, when 
aU the others are given. In the proposed question we have 
to find the tension of the chain i for this purpose, we b^ve, 
weight Q =: 6 cwts., QB = 5 ft., weight platforms 2 cwts., 
imd G B = i of 6 ft. = 3 ft. To find B O, we have, A D = 

V§»^i^= 10. Area triangle A B D :?: 122^15 . but this 

area is also = -^, /. — -^ = — — , and /. B O s= 4*8. 

Now substituting these values in the equation of equilibrium, 
we have. 

Tension chain x4-8 = 6x5+2x3, 
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.\ Tension chain « 7*5 cwts. 

When there are two chains 8uppor:ting the platform, then 
tlie tension of each = | of 7*5 =s 3*75 cwts. 

JSx, 10. Required the same as in the last example, when 
AB rr 8fi, Q B = 2 ft, B D =s4 fu, weight Q =r 8 cwts., 
and weight platform « 1 cwt. Ans. 7*29 cwts. 

Ex. 1 1. Required the tension of the rope, in Ex. 5., when 

D = 20 ft., A 0= 10 ft., A D = 25 ft^ W = 20 cwtS., 
and the weight of the pole D s 2 cwts. Ans. 17*3 cwU. 

Centre of Gravity. 

33* Every heavy body is composed of an indefinite number 
of particles, each of which is actied upon by the force of gravity 
in a direction perpendicular to the horizon. The sum of all 
these parallel forces is evidently the weight of the body. Now 
there must be a point, where a single force, equal to the 
weight of the body, being applied, will produce the same effect^' 
as the force of gravity acting upon the various partidea com* 
{)08ing the body ; — ^this point is called the centre of gravi^ 
of the body. From this definition it immediately follows ; 
1. That if the centre of gravity be supported, the body will 
stand, and vice versd. 2. That the centre of gravity of all 
symmetrical, or r^ular, bodies is in their centre of magnitndek 
8. That if any body, acted on by the force of gravity, tend to 
turn a lever, we may regard the weight of the whole body to 
be collected in its centre of gravity. 

JEx. 1. Let A, B, and ^s he p a ^ a q 
three bodies in the same right I | I 

line, it is required to determine the ^ 
position of their common centre 
of gravity G with respect to any assumed point F, when A ^ 

1 lb., B = 2 lbs., C = 31bs., A F = 5, AB=:4, andB 0=6, 

Let us suppose that an inflexible rod, without weighty passes 
through the bodies, and that the system turns upon F as a 
fukanHu; then as the whole mass may be regarded as acting 
in the point G, we have by the equality of moments, 
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FG(l+2+3)= 1x5+2x9+3x15; 

/. FG=11|. 

Ex, 2. Bequired the same as in the kst example, when; 

A = 2 lbs., B = 41bs., C = 8 lbs., AF =r 1, A B = 3, and 

B C = 10. Ans. F G^ 9-2, 

Ex*Z. Bequiredthepositionof the centre of gravitj of two 

weights P and W (See fig. page 56.) whose weights are 2 and 

3 tbs. respectivelj, and distances apart 20in. Ans. \2in.fromI\ 

34. The centre of gravity of a triangle. Let A B C be a 
triangle having the vertex C ; bisect the base A B in the 
point y, and the side B C in the point N; join the points 
C and y, A and N, y and N, and pnt G at the point where 
C y and A N intersect, — then G will be the centre of gravitj 
of the triangle. From the description here given, the figure 
maj be readily constructed. 

The triangle will be balanced upon an edge lying along the 
line C y, because it will divide equally all lines drawn parallel 
to A B, hence the centre of gravity must lie in the line G V« 
for the same reason it will also lie in the line A N, and there* 
fore it must be in the point G. Now y N = ^ A C, because 
the triangle y N B is simply the triangle ABC constructed 
on one*half the scale. Again, the triangle y G N is simply 
the triangle AGO constructed upon one-half the scale, (since 
they are equi-angular, and y N = ^ A C) therefore y G =3 
J^ G C, or if y be divided into 3 equal parts, y G will con- 
tain one of them. Hence, the distance of the centre of gravity 
of a triangle from the base, is ^ the elevation. 

Similarly it may be shown that the centre of gravity of a 
P3rramid is at ^ the elevation* 

35. The centre of gravity of any four-sided figure may be 
determined, by first drawing one diagonal and finding the 
centre of gravity of each of the triangles thus formed, then the 
centre of gravity of the whole figure must lie in the line 
joining these two points ; in like maniier, by drawing the other 
diagonal we determine another line in which the centre of 
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grmTitj must lie; then the intersection of these two .lines will 
give the centre of grayity of the whole figure. 

36, A bodj will be more or less stable, according as it takes 
more or less work, to bring the line of direction, or a yertical 
line passing through the centre of gravity, without the base. 
See Ex. 7. Art. 12. In general the lower the centre of gravity 
of a body is, the more stable it will be. Thus a boat is less 
liable to be overturned, when the passengers are sitting, than 
when they are standing. Hence it is» also» that a pyramid is 
the most stable form for a structure. 

37. Let A, B, &c. be any number 
of bodies lying in the same horizon- 
tal plane ; it is required to determine 
the position of the centre of gravity 
Gr, referred to two lines O X and 
O Y, perpendicular to each other, 
and called axes of co-ordinates. 

Conceive the bodies to be con- 
nected with the axis O X, by the perpendicular rods A <^, B i, 
&c., then the sum of the moments of the bodies, tending to 
turn round on the axis O X, wiU be the same as the moment 
of the whole mass, collected in the centre of gravity G. From 
this equality the distance of G from O X is obtained. In pre^ 
cisely the same way, we find the distance of G from O Y; and 
hence the point G becomes known. After the same manner 
the centre of gravity may be determined, when the bodies are 
referred to three co-ordinate planes. 

Ex. 1. The weights of three bodies. A, B, and C, are 5, 6, 
and 8 lbs. respectively; and their distances from O X, 3, 4, 
and 7 ft., and from O Y, 2, 9, and 10 ft. respectively; re- 
quired the position of the common centre of gravity. r 

Let x.fjkdy be the distances from O X and O Y respect- 
ively, then, 

(5 + 6-|-8)«= 5x3+6x4+8x7; A araa5ft. 




(5+6 + 8)y««5x2+6x9+8xlO; /. y=7-5ft. 
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Ex, 2. Required the same as in the last example, when the 
weights of the bodies ar^ 1, 2, and 3 cwts. Ans, o^ and^^ft. 

For further information on this subject see Moselej's 
Engineering, or Poisson's Mechanics. 

Wheel and Axle^ 

3& This useful machine is only another form of the lever, 
where the power is made to act without intermission ; in its 
most simple form, it consists of a large wheel, A, and a cylinder, 
or axle, B, both of which turn upon the same axis, O. If the 
wheel, A, be turned round by a power, P, applied to it, the 
axle, B, will coil up the rope by which the weight W hangs. 
The lever by which P acts is evidently A O, and that by which 
W acts is B O ; hence we have, when these weights, or pres** 
sures, balance each other, PxOA = WxOB. 

If the wheel be displaced by a handle, then the machine is 
called a Windlass. Sometimes the handle is made to turn a 
series of wheels acting on each other by means of teeth ; when 
the machine has this form, it is called a Crane. 

We proceed now to consider the equili- 
brium, on the principle of work. 

While the wheel makes one revolution, 
the axle also makes one. In one turn P 
descends a space = 2 x OA x 3*1416, 
and W ascends a space = 2 x O B x 
3-1416. 

.-, Work of P in 1 revo. = 2 x O A 
X 31416 X P. 

Work of W. in 1 revo. = 2 x O B x 3-1416 x W. 

Then as the work done (abstracted from friction) is equal 
to the work applied^ we have 

2 X O A X 31416 xP = 2xOBx 31416 x W. 

/. P X O A = W x O B, 
which is the relation already established. Conversely assnm* 
ing the equation of equilibrium, we may establish the princi- 
ple of work, 

Ex. 1. The handle of a windlass is 2 ft., the radius of the 
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axle is 2^ inclies, and the power applied 80 lbs. ; required 
the weight which woald be raiwd were there no frictioD. 

Work of P in 1 revo. = 80 x 4 x 8-1416. 
W = W X A X 31416. 

.■. W X A >< 8*1*16 = 80 X 4 X 3-1416; and W = 
768 lbs. 

Or thua, hy the principle of the lever, 

80 X 2 X 12 = W X 2^; .". W = 768 lb§. 

Ex. 2. What most be the diameter of the axle in the laat 
example, bo that the weight rtused maj be 500 lbs. Ant, -S^Ji. 

Ex, 3. If a man exert a pressure of 60 Iba. npon the handle 
of a windlasa, what weight will he raise, when the length of 
the haadle is 2 ft., and the radius of the axle 3 in ? AfU.4S0l&t. 

£z. 4. What is the advantage of pressure gained bj the 
machine of the last example ? Aiu. 8. 

Ex. 5. In example 3., if f of the power is consumed hy 
friction, what weight will then be rusedp Ant, 4ll}i&«. 

Ex. 6. Kequir^ W in Example 1., when the thickness of 
the cord is 1 inch, supposing that \ of the work applied to be 
lost by friction and the rigidity of the cord. 

Here the cord increases the radius of the axle hy ^ inch. 

.•. Work of W in 1 revo. = W x y^ X 3-1416. 

Effective,,? „ =|x 80x4x3-1416. 

.-. by equality, W = ?^lllll = 548 lbs. 
Coffged or Toothed Wheelt. 

J>t D be a cogged wheel turning upon the same axis aa 
the wheel C ; Q another cogged wheel, acted upon by the for> 
mer, and turning apon the 
same axis as the axle L 
From the wheel C is sus- 
pended the weight P, and 
from the axle I the wdght 
W ; then while F descends, 
the wheel C and the cog D 
will be tnrned from right to 
left, but as every tooth in 



• • 
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.the cog D 18 being turned rotind, a corresponding tooth ill 
the cog Q will be turned in the contrary direction, and thus 
the cord I W will be coiled up upon the axle J^ and the 
weight W will be raised. 

Ux, 1. Let F = 30 lbs., the diameter of the wheel C = 
2 ft., the number of teeth in D = 8, the number in Q = 56y 
and the diameter of the axle I = ^ ft. ; required W in order 
that equilibrium may take place. 

For every turn of the wheel, C, 8 teeth of the wheel Q 
•will be turned round, therefore as many times as the numbet 
of teeth in D can be taken out of the number in Q, so many 
turns will the cog D make while the wheel Q makes one. 
•Let the axle I and wheel Q make one revolution, then the 
number made by the wheel C = 56 -h 8 = 7. 
Space moved over by W = :J- x 3*1416. 

„ „ „ F = 2 X 3-1416 X 7. 

Work due to W = i X 3-1416 x W. 
„ „ F=2 y 3-1416 X 7 X 30. 

.-. i X 3-1416 X W = 2 X 3-1416 x 7 x 30. 

/. :|. W = 2 X 7 X 30 ; and W = 1680 lbs. 

Ex. 2. In a crane the length of the handle or radius of 
the wheel C is 1-4 ft., the number of teeth in the cog D is 6, 
the number in the wheel Q is 30, and the diameter of the 
axle I is ^ ft. ; if a pressure of 60 lbs. be applied to the 
handle, what must be the weight raised ? Ans. 2520 lbs. 

£x. 3. Let F = 1 lb., radius of C = 20 in., radius D = 
4 in., radius Q = SO in., and radius I = 2 in. ; required W. 

Here the machine consists of two levers. The advantage 
gained by the £rst = '^^ = 5, therefore 1 lb. applied at A will 
produce a pressure of 5 lbs. upion the teeth of the wheel Q. 
The advantage gained by the second lever = ^ = 15, and 
therefore a pressure of 5 lbs. on the teeth of Q will produce 
a force of 15 times 5 lbs. = 75 lbs. at the circumference of 
the axle I ; therefore W = 75 lbs. The advantage gained, 
in this case, will be 75. 

Obs, In this calculation friction is neglected, and it is also 
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presumed that the teeth are small as compared with the 
radii of the wheels. 

Ex. 4. What mast he the nomber of teeth io the vheel 

Q of Example 2., so that a weight of 2 tons m&y be rused ? 

Am, 53 Dearly. 

CoMpouttd Wheel and AxU. 

39. In the common wheel and axle, there is a practical 
limit to the power of the machine ; for we can only increase 
the power by increasing the size of the wheel, or by decreas- 
ing the radios of the axle. ]!Tow in the compound wheel and 
axle, a given power may be 
mode to raise any weight 
whatever. This machine con- 
sists of two axles A and C, 
cut upon the same block, round 
which a cord coils in opposite 
directions ; this cord passes 
round the moveftble pulley, D, which carries the weight W. 
Now when the handle is turned in the direction of 4he 
arrow, one of the cords is coiled upon the large axle A, 
while the other cord is uncoiled from the small axle C, so 
that the rate at which W ascends, depends upon the differ- 
ence of the drcumferences of the two axles; and, conse- 
quently, the power of the machine will also depend upon 
this difference. But this may be decreased to any extent, 
without altering the length of the handle. This truly in- 
genious contrivance is due to the Chinese. 

Ex. 1. Let the diameter of the axle A = '7 ft., the diameter 
of theaxleC= •£ ft., the length of the handle = 2 ft., and 
W = 400 lbs, Eequircd the power P. 

When the handle makes one turn, the cord A will be drawn 
up a space equal to the circumference of the axle A, while the 
cord C will be let down a space equal to the circumference of 
the axle C; therefore the whole cord will be shortened a 
■pace equal to the difference of these circumferences, aod 
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because tbe cord is doubled, the weighl; W wiU be maed m 
space only equal to the half of this diffei^ace. 

. -nr u J TIT • 1 -7 X8-141C— •5x3-1416 

.*. Work done upon W m 1 reyo.= r 

x400, 
/. Work done upon P in 1 revo, = 4 x 3'1416 x P. 

.-. 4 X 3.1416 X P = -7 X 3-H16 - '5 X 3-1416 ^ ^^ 

dividing each side of the equality by 3'1416, 
4 X P = ^^=^ X 400; .% P = 10 lbs. 

JEx^ 2. In a compound wheel and axle, the haxMile is 20 in., 
the radius of the large part of the axle ia 3 inches, and of tb« 
small part 2 inches ; if 1 lb. pressure be applied to the haodley 
how many lbs. would be raised by the machine, friction being 
neglected ? 

Here, as the weight is suppojrted by a double cord, and as 
one part acts with the power^ we hare by the equality of 
moments, 

P x 20 + i W X 2 =? i W X 3, OP 
1 X 20 +W = # W, /. W s; 40 lbs. 

Ex, 3. Solve the preceding question on the principle of 
work. 

Ex. 4. Required the same as in Ex. 1., when the diameters 
of the axles are *6 and *4 ft. respectively, the length of the 
handle 1 '5 ft., and the weight to be raised 600 lbs. Ans. 20 lb$. 

Ex. 5. What must be the radius of the large p^ of the 
axle in Ex. 2., so that the weight raised may be 160 lbs. 

Atis, 2^ inches.. 

40. From the reduced equation given in Ex. 1., we may 
readily derive a general equation of relation for the elements 
of this machine. For this purpose, put B for the length ci 
the handle, D for the diameter of the large axle, and ^ for the 
diameter of the small one^. Now *7, in that equation, is the 
diameter of the large axle ; *5 the diameter of the small (me/) 
and 4 the length of the handle taken twice, hence vre have^ 

2RxP=5^ X W 
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•• " — O—d ■ 
This expressioQ clear!; shows that other things being the 
same, the magnitude of W depends apon the smallnesa of the 
difference of the diameters of the axles. 

ThePulky. 

41. A pulley is a grooved wheel, turning on an axis, and 
{daced ia a block or case. A cord passes orer the groove of 
the wheel, in order to trannnit the force applied, in any pro- 
posed direction. There is no advantage gained by a single 
fixed pulley ; bnt when there are moveable pulleys, the weight 
raised will always be greater than the power applied ; and 
than the advantage depends npon the number of cords by 
which the wdght is auqwnded. 

Ex. 1. In the annexed system of pnlleys, if TV = 2 lbs., 
required P, when equilibriom takes place. 

Here, as W is suspended by two cords, 
c and 6, each cord wjll carry 1 Vo., bnt 
as the cord is supposed to have a iree 
motion over the wheels, the portiona 
a, it, and e, will, have the same stretch 
«r tension ; therefore P must be 1 lb. 

Jjet us now consider the eqnilibrinm 
on the principle of the equality of work. 

If W ascend 1 foot, the cords c and b 
wUl each be shortened 1 foot, and there- 
fore F must descend 2 feet^ hence we 
have, 

Work of P = P X 2, and work trf W = 2 x 1, 

.-. Px2 = 2xl, andP=llb. 

£x, 2. Let there he two moveable puQeys, each weighing 
S lbs, tbm if F = 100 lbs., it is raqnired to determine W, 
on the principle of work. 

If P descend 4 feet, the first moveable pulley will ascend 
2 feet, and the second 1 foot, 
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.•. Work done in raising W and the pulleys c=r Wx 1 -f 
3xl+3x2 = W+9. 

Work of P= 100x4, /. W+9 = 100x4, 
and W = 391 lbs. 

Ex, Sj, Required the same as in the last example, when 
there are three moveable pulleys. Ans. 779 Ibi. 

Ex, 4. In the annexed system of pulleys, if W = 9 lbs., 
required F, when equilibrium takes place. 

Here the three cords marked 3, form a continuous cord, 
hence they will each sustain the same 
stretch; and in like manner the four 
cords marked 1, will each sustain the 
same stretch. The weight W with its 
pulley B, is supported by three cords, 
therefore each cord will carry 3 lbs.; 
there is therefore 3 lbs. suspended from 
the puUey A. Now the pulley A with 
this weight is supported by three cords, 
therefore each cord will carry 1 lb., 
hence it follows that P must be 1 lb. 

Or thus on the principle of work. 
If W ascend 1 foot, the pulley A will ascend 3 ft., because 
each of the three cords marked 3, will give off 1 foot of 
cord ; in like manner if the pulley A ascend 3 ft., the weight 
P must descend 9 ft., because each of the three cords 
marked 1, will give off 3 ft;, of cord. Thus it appears that 
while W ascends 1 foot, P descends 9 feet^ hence we have 
by the principle of work, 

WorkofP = Px9; workofW^Wxl. 

/. Px9 = W, 

and if W be 9 lbs., then P= 1 lb. 

Ex. 5. If the weight of the pulley A == 2 lbs., the weight 
of the pulley B = 6 lbs., and W s£ 600 lbs. ; required P. 

Ans. 68 ibs. 
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Ex, 6. If in Ex. 4. there are 3 moveable puUeya, and 
W = 27 lbs., what wiU then be the weight of F ? 

Atu. I lb. 

In precisely the aame manner the equation of equilibrinm 
may be determined for anj other ^tem of pulley s. 

Inclined plane. 

4X To determine the pressure necessary to aapport a 
body on an inclined plane without 
friction. Let the weight W, be 
drawn up the inclined plane A C, 
by means of the weight P, acting 
by a cord parallel to the plane; 
then whilst W is moved from A 
to C the counterpoise weight P 
will hare descended a vertical 
space equal to A C| hence we 
have, by Art 10., 

Work in ruring TV = W X C B. 

Work due to the descent of P ="Px A G 

.•.PxAC = WxCB, .■.P = ^JxW. 

JSx, 1. The length <^ an inclined plane is 3 fee^ th« per- 
pendicular height 2 feet, and the weight of the body 13 lbs., 
what pressure will be reqnired to susttun the body on the 
l^ane, Mction being neglected ? 

Work in raising W in opposition to gravity = 12x2. 

WOTkofP=Px3; .-. Px3 = 12x2; and P = 8 Ibfc 

Ex. 2. Required the same as in the last example, when 
the length of the phme is 100 fL, the height 20 ft., and the 
weight 40 lbs. ' Am. 8 Ibt. 

Ex. 3. The length of an inclined plane is 100 &., the 
height 3 ft., the wdght of the body 60 lbs., and the friction 
Y^ part of the wdght, what pressore will be reqnired to 
move the body np the plane 7 

Id this case, as the inclination of the plane is small, the 
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pressure upon it will be verj nearly equal to the weight of 
the body. 

/, Pressure to overcome friction = ^y^ lbs. 

Work due to friction = ^ x 100 = 17-8. 

Work due to gravity = 50 x 3. 

Work of the pressure, P, applied to move the body = P 
xlOO. 

.-. P X 100 = 17-8+50 X 3, .-.P = 1-67 lbs. 

JEx» 4. Required the same as in the last example, when 
the length of the plane is 100 ft., the height 2 ft., and the 
^eight of the body 56 lbs. Ans. 1-32 lbs. 

I Ex, 5. What pressure will be necessary, in Ex. 3., to pre- 
sent the body from sliding down the plane ? 
• Here the work due to friction will act with the work due 
tlo the pressure, P, applied, 
L ,-. P X 100 = 50 X 3-17-8 ; /. P = 1-32 lbs. 

Ex, 6. The length of an inclined plane is 100 ft., the 
height *2 ft., the weight of the body 90 lbs., and the coeffi- 
cient of friction -^ ; required the pressure hecessary to move 
the body down the plane. Ans, 2*82 Ws, 

Here the work of gravity acts with the work of P. 

Ex, 7. What must be the height of the plane in Ex. 3., 
so that the body may be upon the point of sliding ? 

In this case the work due to friction must be equal to the 
work due to gravity. 

Work due to friction = 17*3. 

Work due to gravity = 50 x C B. 

/. 50xC B = 17-8 ; and C B = -35 ft. 

Ex. 8. What must be the height of the plane in Ex. 6., 
so that the body may be upon the point of sliding ? 

• Ans, Si ft 

Ohs, The inclination of the plane when the body is upon 
the point of sliding, is called the angle of friction, or " the 
limiting angle of resistance." See Moseley's Mechanics 
applied to the Arts. 
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t%e moveable Inclined Plane^ or Wedge* 

#3. Let A G B be a wedge (See the last fig.) slidixig 
along the horizontal plane A B by the action of a pressure, 
P, applied parallel to A B, and thereby elerating a weight 
W which is only free to move in a vertical direction. When 
the wedge begins to act, the resistance, W, rests upon the 
horizontal plane A B ; but when the wedge has moved over 
a space equal to its length, W will have been elevated a 
height equal to the thickness, C B of the wedge ; then if 
A B ax -5 ft. B C =s -2 ft., and W = 8 lbs., we have, ab- 
stracted from friction, 

Work applied = P x '5, and work W 2= 8 x '2. 

.-. Px -5 = 8 X -2, and P = 3-2 lbs. 

This calculation shows that the advantage of the power 
depends upon the thinness of the back of the wedge. How- 
ever, it is necessary to observe, that the astonishing power 
of the wedge, as usually employed, is chiefly resolvable into 
the force of Impact, which will be considered in a future 
article. 

Ex, 1. The length c^ a wedge = 1*5 ft., the thickness ss 
'2 ft., the pressure applied = 100 lbs. ; required the weight 
that would be raised. 

When the pressure applied has moved through the length 
of the wedge, we have, 

Work applied = 100 x 1-5 ; Work done = W x '2. 

/. W X -2 M 100 X 1-6, and W =s 750 lbs. 

Ex. 2. Bequired the same as in the last example, when 
^e length is 2 ft., the thickness *4 ft., and the pressure 
applied 400 lbs. Ans, 2000 lbs. 

The Screw. 

44. In this mechanical power the {»*essure applied moves 
in a circle whose radius is the length of the lever, or arm of 
the screw, whilst the direction in which liie work is done, is 
a right line. 

X 4 
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Hx, 1. The lever of a simple screw is 2 feet, the. thickness 
of the thread '2 feet; if a pressure of 100 lbs. be applied to the 
lever, what pressure will be produced on the press board ? 

Here in one turn of the lever, the press board is moyed 
over the distance between the threads of the screw. 

/. Space moved over by P, in 1 revo. = 4 x 3'1416. 

W „ =2. 

Work of P in 1 revo. = 4 x 31416 x 100. 
„ W „ =Wx-2. 

/. W X -2 = 4 X 3-1416 X 100, and W = 6283 lbs. 

Obs. The equation here obtained shows that the efficacy of 
the screw is obtained by increasing the length of the lever, 
or by decreasing the thickness of the threads* 

Ux. 2. Required the same as in the last example, when the 
tibickness of the threads is ^ in., and the pressure appliedto 
the lever is 60 lbs. Ans, 18095 lbs. 

Ex, 3. Required the advantage of the power in the last 
example. Ans, 301. 

Ex» 4. The lever of a screw is 3 ft., and the thickness of 
the threads \ in. ; required the pressure that must be exerted 
on the lever so as to produce a pressure of 10 tons upon the 
press board. 

In 1 revo. of the lever the work done = lOx 2240 x ^^ 
466. 

In 1 revo. of the lever the work applied s=s P x 6 x 3*1416. 

/. P X 6 X 3-1416 = 466 ; and P = 24-7 lbs. 

Ex, 5. Required the same as in the last example, when the 
lever is 18 in., and the thickness of the threads of the screw 
1 in. An$. 198 lbs. 

Ex. 6. What must be the thickness of the threads, in Ex. L, 
BO that a pressure of 5000 lbs. may be produced on the press 
board. 

Work applied in 1 revo. = 1256. 

Work done „ =s 5000 x thickness thread. 

/. 5000 X thickness thread = 1256. 

.% Thickness thread ^ \^ = -25 ft. 
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The Compound Screw. 

45. This mechanical power oonsiBts of two screws, one of 
which screws within the other, so that whilst the large one is 
descending, the small one is relatiYcly rising within the large 
one. In consequence of this compound motion, in one revo- 
lution of the lever, the press board only descends a distance 
equal to the difference of the thickness of the threads of the 
screws. Hence the advantage depends upon the smallness of 
this difference, and not upon the absolute size of the threads. 
In this respect the machine is analc^ous to the compound 
wheel and axle. 

Ex. 1. In a compound screw, the length of the lever is 
1*5 ilt., the distance between the threads of the large, or 
hollow screw, is f in., and that of the small one i in., if 30 lbs. 
pressure be applied to the lever, what will be the pressure on 
the press board ? 

In one revolution the large screw descends f in., but at the 
same time, the small screw (bj turning within the large one) 
ascends i in. ; therefore the press board must descend a space 

. /, Work done in 1 revo. = W x ^, 

Work appHed in 1 revo. = 30 x 2 x 1-5 x 3*1416 = 282-74. 

/. Wx^ = 282-74 ; and W = 13571-5 lbs. 

£x. 2. Required the same as in the last example, when the 
threads are ^ and f in. respectively, and the pressure applied 
to the lever is 1 lb. * Ans. 904. 

Ex. 3. What pressure must be applied to the lever in 
Ex. 1. so that a pressure of 4 tons may be given to the press 
board? Ans. 19'S l^. 

Ex.4. If the length of the lever is 2 ft, the thickness of 
the thread of the large screw 1 in., what must be the thickness 
of the small screw, so that 1 lb. applied to the lever may pro- 
duce a pressure of ^ ton ? 

Here, we have, by the principle of the equality of work, 

1 X 4 X 3-1416 = 560 (^—thickness). 

.% Thickness = -06 ft. = -72 in, 

1 5 
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TJie Endless Screw, 

46. In this znacbine, the threads of a screw, cut upon a 
cylinder^ aremade to act upon the teeth of a cog wheel having 
an axle, round which a cord coils, as in the common windlass. 
Bj this combination a very slow motion may be given to the 
weight. 

Ex. 1. In an endless screw the length of the handle is 
1*4 ft. the number of teeth in the cog wheel is 30, and the 
radius of the axle is *2 ft.; if 1 lb. pressure be applied to the 
handle, what weight will be raised, friction being neglected ? 

Here, as the screw is fixed upon the axis of the handle, one 
turn will cause one of the teeth of the wheel to be moved 
round. Hence the handle must take 30 turns, whilst the 
cog wheel and axle make one. 

/. Work applied in 1 revo. of the axle= 1 x 2*8 x 
31416x30. 

Work done „ „ = W x -4 x 3-1416. 

-5^ 2*8x30 oi/MV 

/. W =s — - — = 210 lbs. 

Ex, 2. Required the weight, as in the last example, when 
the length of the handle is 1*5 ft., the number of teeth in the 
cog wheel 20, the radius of the axle *3 ft;., and the pressure 
applied 60 lbs. Ans. 6000 lbs. 

Ex. 3. Required the pressure which must be applied to the 
handle, in the l^t example, so that a weight "^of 4500 lbs. 
may be raised. Ans. 45 Ibsi, 

Ex. 4. How many, teeth must the cog wheel, in Ex. 1. 
have in order to raise a weight of 280 lbs. P Ans. 40. 

Hydrostaiie Press. 

47. This powerful machine consists of two cylinders of 
different sizes, each of which has a piston, and pressure is 
transmitted from the snudl piston to the large one, by means 
of water. The pressure of the power is applied to the small 
piston, by a lever of the second kind ; and the advantage of 
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the machine depends upon the length of this lever, and the 
exigent of surface of the large piston, as compared with that of 
the small one. 

2Sx, 1. In a hjdrodtatic press, the surfaces of the pistons 
are 2 and 400 sq. inches reispectivelj, the lerer is 20 inches 
l<Mig, and the piston rod is attached at 1 in. fh>m the fulcrum; 
if a pressure of 112 lbs. be applied to the lever, what pressure 
will be produced upon the large piston ? 

Here the advantage of -the lever is 20, and therefore 
2240 lbs., or 1 ton, will be applied to the small piston ; but 
owing to the transmission of this pressure through the water, 
every 2 inches of surface in the large piston will also undergo 
a pressure of 1 ton ; hence it follows, that as many times as 
2 inches can be taken out of 400 inches, so manj times wiU 
the pressure of 1 ton be increased ; 

400 

.•. Pressure on the large piston — -g" ^ ^ ^^ ~ ^^ ^^^' 

Or thus, on the principle of the equality of work. 
Let the small piston descend ^ in., or ^ ft., then 1 cubic 
inch of water will be thrown into the large cylinder, and the 
piston will thus be raised ^^ part of an inch, or T^^^r ^^ ^ 
foot ; 

•\ Work on the small piston = 2240 x 3^. 
» large „ =Wx^nAnr- 

•*• "^XtAtt = 2240x^; and W s= 200 tons. 
Ex, 2. Required the same as in the last example, when the 
surfaces of the pistons are f and 600 inches respectively. 

Ans. 800 tons. 

IMndple of Virtuctl Velocities, 

48. If a very small motion be given to a machine in a state 
of equilibrium, then P multiplied by the velocity of P, esti- 
mated in the direction in which it acts, is equal to W multi- 
plied by the velocity of W, estimated in the direction in which 
it acts ; — this is the principle of virtual velocities. This 
proposition, is only another form of expressing the principle 
of the equality of work, developed in the preceding pages. 

1 6 
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ACCUMULATED WORK. 

Motion, 

49. When a body moves uniformly, the space described is^ 
obvionsly, equal to the units of^ time during which the body 
moves multiplied by the space passed over in each unit of 
time; that is to say, the space is equal to the product of the 
time by the velocity. If we, therefore, construct a rectangle, 
having the units in the base equal to the units in the velocity, 
and the imits in the perpendicular equal to the imits of time, 
then the units of surface in the rectangle, will give the units 
of space moved over by the body. In like manner, the space 
described by a body, whose motion is uniformly accelerated, 
may be represented by the area of a trapezoid, whose parallel 
sides contain respectively the units of velocity at the com- 
iliencement and end of the motion, and the perpendicular 
between these sides the units in the time. This proposition 
will readily be understood, by observing, that the mean length 
of the trapezoid will contain the same number of units as the 
velocity which the body has at the middle of the time ; and 
this will be true however small the intervals of time may be 
taken. The best illustration of accelerated motion is afforded 
us in the case of falling bodies. 

Force of Gravity. 

50. When bodies fall freely near the surface of the earth, 
the force of the earth's attraction, being constant, communi- 
cates to them equal additions of velocity in equal intervals of 
time. Thus at the end of 1 second, the velocity of the body 
is 32| ft. ; at the end of 2 seconds, 2 times 32^ fi ; at the 
end of 3 seconds, 3 times 32 j- ft. ; and so on ; or generally 
the velocity acquired by a falling body, is equal to the pro- 
duct of the time of the body's fall in seconds by 32j^ ft. 
This is expressed by the equation, v^tx 32^.. 

The space described by a body in one second will be } of 
32^= 16^ ft; because the velocity of the body in the 
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middle of the time, will be the mean velodly with which it 
moves during that time. In like manner, the space described 
by the body in 4 seconds, will be 4 times 2 x 32^ ft. ; 
because 4 x 32^ ft. is the velocity at the end of the time, 
and, therefore, 2 x 82^ ft. will be the mean velocity, or the 
Telocity in the middle of the time. But 4 times 2 x 32^^ ft. 
as 4^ X 16^ ft., that is the space described by a falling 
body, in 4 seconds, is equal to the square of the time multi- 
plied by the space described in one second. In the same 
manner any other case may be ^ptablished. The general 
lotion of space and time is therefore expressed by, 

S = <» X 16^. 

Ex. 1. What velocity will a falling body have at the end 
of 6 seconds ? 

Here the velocity = 6 times 32|^ ft. = 193 ft. 

Ex, 2. What velocity will a body acquire in 3 seconds ? 

-^^. 96^ ft. 
Ex, 3. In what time will a body acquire a velocity of 
128Jft. 

Here in every second of the body's fall, there is an addition 
of d2|- ft. to its velocity, therefore as many times as 32^ ft. 
can be taken out of 128f ft., so many seconds must the body 
f ally that is, 

Time s 128|-i- 32^ = 4 sec. 

Ex, 4. In what time will a body acquire a velocity of 70 ft. ? 

Afu, 2'17 sec. 
Ex, 5. Through what space will a bo^faU in 6 seconds ? 

Here, space = 6> x 16^ ft » 579 ft. 
Ex, 6. Through what space will a body fall in. 3 seconds ? 

Ans, 144|yfc 

Ex, 7. A stone was 4 seconds in falling from a tower ; 

what height is it ? Ans, 25*1^ ft. 

Ex, 8. If a body be projected downwards, with a velocity 

of 10 ft. per second, how far will it descend in 5 seconds? 

It is evident that the body will retain its motion of projeo- 
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tion, aitbotigfa aoted upon by gravity. Now the spaoe due to 
the projection 2= 5 times 10 ft., and thisy added to the spftoe 
due to gravity, will give, 

Space ar 5 X 10 + 5« x 16^ = 452^^ ft. 

Ex, 9. Required the same as in the last example, when the 
velocity of projection is 5 ft, and the time of descent 2r 
seconds. An$. 74J/«- 

Ex. 10. In what time will a body fall 193 ft. ? 

By the general equation, t^ x 16^ s 193 ; 

/. fi =-Tj^ =ar 12 ; and ^ = 34 8^. 

Ex. 11. In what time will a body fall through 40 ft. ? 

Ans. 1*57 sec. 
Ex. 12. From what height must a body fall to acquire a 
velocity of 96^ ft. ? 

Here we must first find the time which the body will have 
to fall. 

Time = 96J -h 32|- = 3 sec. ; then we have, 
Space = 32 X 16tV = 144| ft. 

Ex. 13. From what height would a body have to fall in 
order to acquire a velocity of 386 ft. ? Ans. 2Sl6/i.. 

Ex. 14. Thevelocity of abodyis84ft. From what height 
would it have to fall in order to attain this motion ? Ans. 109/lt. 

Time =^ sec. ; and Space = {^} x 1^ = 
842 



2 X 32^- 

Obs. From this expression for the space we infer, 
that it is always equal to the squdre of the Velocity divided 
by2 X 32|. 

Projectiles^ ^c. 

51. We have a familiar instance of a body, in motion, 
acted upon by two forces, in a boat being rowed across a^ 
stream. While the stream carries the boat downwards, the 
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TCIW& moreft it in a line perpendicnlar to the direction of the 
stream ; now both of these motions exist at the same time, 
therefore the boat moves in a diagonal direction^ that id to saj, 
if we take one side of a paralldogram equal to the ilnits of 
velocity in the stream, and the other side eqnal to the units of 
velocity of the boat crossing the stream, then the diagonal 
will give the direction and amount of the actual motion. 

If a cannon ball be fired, in a horizontal direction, ftma the 
t(^ of a high tower, the time it will take to reach the ground 
will evidentlj be equal to the time the ball would take in 
deseending the perpendicular height of the tower ; and the 
distance the ball will go, will be equal to the product of this 
time by the velocity of projection. The path which the ball 
pursues in its descent is a curve called the parabola. We 
may conceive the velocity of projection to be so great as to 
carry the ball completely round the earth without reaching 
the surface at all ; in this case the ball would form a littie 
satellite to the earth, similar to the moon. 

Ex, L A ball is projected, horizontally with the velocity 
of 40 ft. per second, from the top of a tower 144| ft. high ; 
how far will the ball go ? 

Here the time a body will take to fall the height of the 
tower is 3 seconds. 

.% Distance = 40 x 3 = 120 ft 

£x. 2. Required the same as in the last example, when 
the velocity of projection is 90 ft. per second,- and the height 
of the tower 80 ft. Ans. 200-8. 



There is Work aetumulated in a moving body. 

82. When a body is in a state of motion, it will continue 
in that state unless acted upon by some external force. (See 
Moseley's Illustrations of Mechanics, p. 225.) But in order 
to give this motion to the body, there must be work done 
upon it* Thus we may give the velocity of 32 J^ ft., to a one 
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pound weiglit, by raising it 16x1^^ ^ and then allowing it to 
fall by the force of gravity ; in this case the units of work 
accumulated in the body will be l&xV* -^^^^^ when a 
heavy fly wheel is in rapid motion, a considerable portion of 
the work of the engine, must have gone to produce this mo- 
tion ; and before the engine can come to a state of rest, all 
the work accumulated in the fly, as well as in the other 
pafts of the machine, must be destroyed. In this way a fly 
wheel acts as a reservoir of work. 

In order to estimate the work in a moving body, it is 
simply necessary to consider the height from which it must 
^EtU to acquire the given velocity, and then the work will be 
found, by multiplying that height in feet, by the weight of 
the body in lbs. ; because the work expended in raising the 
body, to the height necessary to communicate the given 
velocity, must be the same as the work which gravity wiU 
perform upon the body in its descent. 

Ex, 1. The weight of a ram is 480 lbs., and has a velocity 
of 82^ ft. What work has been done upon it ? 

Here the ram must have fallen from the height of 16^ ft. 
. • . The work done upon it = 480 x 16t^ = 7720. 

Ex. 2. Required the work in a body whose weight is 
20 lbs., and velocity 96^ feet per second. 

By Ex. 12. Art. 50. the height from which the body would 
have to fall, in order to acquire the given velocity, is 
144-75 ft. 

.*. The work which must have been done upon the body 
= 20 X 144-75 = 2895. 

Ex. 3. Required the work accumulated in a ball whose 
weight is 4 lbs., and velocity per second 9 ft Ans. 5-03. 

By Ex. 14. Art. 50. the height from which the ball would 

OS 

have to fall to gain the proposed velocity 



*• The accumulated work = 



2x32^ 
9^x4 



• • 



2x32^ 
Obs, This expression shows that, the work accumu- 
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iated. in a mwng body is equal to the square qf the 
veloeity in feet per second^ muU^Ued by the weight qf the 
body in lbs., and divided by 2x 32^. This important pro- 

position is expressed by the equation, "[]=:— ^ — • 

JEx. 4. A ball weighing 20 lbs. is projected, with a velo- 
city of 60 ft. per second, on a bowling green. What space 
will the ball move over before it comes to a state of rqpt, 
allowing the friction to be ^ of the weight of the ball ? 

By the general expression, 

The work in the ball, or U = ^^4l? = 1119-17. 

Now the ball will not stop until all this work is destroyed, 
that is, until the work destroyed by friction is equal to the 
accumulated work. 

Work destroyed by friction in moying the ball over 1 ft. 
«Hxl=2. 

/. No. ft. = ii^ =5 659-58, 

Ex. 5. Required the same as in the last example, w^ien 
the Telocity is 50 ft., and the weight 10 lbs. Ans. 388 ^3^. 

Ea. 6. A train weighs 50 tons, and has a velocity of 44 ft. 
per second when the steam is turned off; how fiir will the 
train move upon a level rail whose friction is 8 lbs. per ton ? 

P=^'o^"^ = 8870445. 
2x32^ 

When the train stops, the work of friction will be equal 
to the work accumulated in the train, hence we have. 
Work in moving the train over every foot =s 50 x 8= 400. 

/. No. ft. = — 4QQ- = 842a 

Ex. 7. A train weighing 60 tons, has a velocity of 40 
miles per hour when the steam is turned off, how &r wiU it 
ascend an incline of 1 in 100, taking friction at 8 lbs. per 
ton ? * Ans. «74 mUes. 
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In this example the work of gravity most be added fo the 
work of friction to obtain the total work of the resistance. 

Ex. 8. Required the same as in the last example, when 
the velocity is 20 miles^ and the incline has a rise of 1 in 30^ 

Ans. 362-4 /U. 

Ex, 9. Two balls each weighing 50 lbs., are placed at the 
extremities of a horizontal arm, which gives motion to a 
screw driving a pmich, as in the common stamping machine. 
The velocity given to the balls is 10 ft. per second. It is 
required to find the mean resistance opposed to the punch, 
when it is just driven through an iron plate -}- in« in dia- 
meter. 

XT « TT WXIOO 'it^AA 

Here, U = --- — — — - = 155'44. 
2x32^ 

Now if the thickness of the plate were 1 foot, the resist- 
ance would obviously be 155*44 lbs. ; but the thickness is -^^ 
of a foot. 

.'. Mean resistance = 96 times 155*44 = 14922 lbs. 

Ex. 10. A ball weighing 20 lbs., is fired from the mouth 
of a cannon 10 ft* long, with the velocity 6f 500 ft. per 
second ; it is required to find the mean pressure of the elastic 
vapour upon the balL 

In this case, U = 77720. 

Now the pressure of 1 lb. upon the ball would produce 10 
units of work. 

/. Mean pressure = -— = 7772 lbs. 

Ex. 11. Required the same as in the last example, When 
the ball is 4 lbs., and the velocity 200 ft. Ans. 248*7 lbs. 

Ex. 12. A carriage of 1 ton moves on a level ^rail with the 
speed of 8 ft. per second, through what space must the car- 
riage move to have a velocity of 2 ft., supposing friction to 
be 6 lbs. per ton ? 

Here L work lost = »' x 2240_ 2« x 2240 ^ ^^ 

64J 64^ 
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But tluB work has been taken np bj frietion. 

.\ Space X 6^ = 2089 ; and space = 848. 

Ejc, 13. If {he carriage in the ladt eztoiple tnave over 
400 ft. before it comes to a state of rest ; what is the resist- 
ance of friction per ton ? 

Work acomnnlated in the carriage s= 2228. 
Work of friction s friction x 400. 

/. Friction x 400 x= 2228 ; and friction = ^'^ lbs. 

Ex, 14. Two weights W and «?, weighing 5 and 3 lbs. 
respectivelj, are connected bj a cord that goes over a fixed 
pnllej, as in Attwood's machine ; through what space mnst 
W descend to acquire a velocity of 10 ft. ? 

As the velocity with which w ascends is the same as the 
velocity with which W descends, we have, 

TD-^ u-Tir 10*x5xiri,« 10* x3 

Work in W = ■ . , ; Work velw= ^,, . 

64J 64J 

.% Total accumulated work = 12'4. 

Work of gravity on W = 5 x space. 

,, ,, „ ti7 = 3 X space. 

Bttt this work peifonfted upon w has been yielded by the 
work of W. 

.% Work remaining in ih6 bodies =>= ^ x space. 

Kow this work must be equal to the accumulated WOrk, 

.*• 2 X space = 12*4^ and space «= 6*2 ft. 

Work in a rotating body, — Centre 6f gyration, 

53. Problem. Two balls A and B are connected by a rod 
which is made to revolve upon a centre^ the weight of A is 
3 lbs., and that of B is 4 lbs., the distance of A from the 
axis is 8 ft., and that of B is 5 ft. | if a point in the rod, at 
1 foot from the axis, has a velocity of 10 feet per second ; it 
is required to determine the wcMrk in the balls, and the point 
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in the rod where we maj suppose the weight of the two balls 
collected, so that the work may not be altered. 

Velocity A = 8 x 10; Velocity B = 6 x 10 ; 
Work in A = «'^iQ:><^ Work inB===^^^i^'^^' 

/. Total work = 453'8. ' 
Let d be the distance from the axis, then 

Work of the two balls collected = ^ — ^ttt — • 

Now this work must be equal to the work before given, 
hence by equality we readily find, d = 6*4 ft. 

This point is called the centre of gyration* When the 
centre of gyration in a rotating body is known, we can then 
very readily find the accumulated work by the method 
already given. But to find this centre generally, requires 
the aid of the integral calculus, which would be foreign to 
the objects of this work to introduce. The distance of the 
centre of gyration from the axis, in a few of the most useful 
cases is as follows : in a circular wheel of uniform thickness, 
it is equal to the radius of the wheel x ^/^ ; in a rod revolv- 
ing about its extremity, it is equal to the length of the rod 
X A/i> and when it revolves about its centre, it is equal to 
the length x V^A* » ^^^ ^ ^ plane ring, like the rim of a fly 
wheel, it is equal to the square root of one half of the sum 
of the squares of the radii forming the ring. 

Ex, 1. The weight of a fly wheel is 10 cwts. This weight 
is collected in a point at the distance of 5 ft. from the axis, 
or in other words, the centre of gyration is 5 ft. from the 
axis. The wheel makes 20 revolutions per min., the dia- 
meter of the axis is 2 inches, and the friction upon it ^ of 
the whole weight. How many revolutions will the wheel 
make before it stops ? Ans. 22'7* 

Velocity of the wt per sec = 10 x 3*1416 x20h-60 = 
10*47. 

Work in the wheel = i2:ill^iil??. 

6^ 
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CircQinfereiioe axis = -A^ x 3*1416 s *6236. 

Work destroyed bj friction in 1 leyo. = — =-x *5236. 

Then, as many times as this woik can be taken ont of the 
work in the wheely so many revolutions will it make. 

£x. 2. Required the same as in the last example, when 
the wheel makes 10 revelations per nmL, and the diameter 
of the axis is 3 inches. Ans, 3*8. 

Ex. 3. The weight of a fly wheel is 4 cwts., the distance 
of the centre of gyration from the axis is 4 ft., and the 
nnmber of revolutions made per min. is 40 ; it is required 
to find the number of strokes which the fly wheel will give 
to a forge hammer, whose weight is 200 lbs., and lift 2 ft., 
friction being n^lected. 

Velocity of the weight per sec. = 16*765 ft 

Work in tiie wheel = ^^'"^^f^^^ = 1954^. 

Work in 1 lift of the hsmmer = 200x2 ss 400. 

A No. Hfts = i?^ = 4-8. 

Ex. 4. Required the same as in the last example, when 
the circumference of the axis is 6 inches, and the friction 
upon it ^ of the weight. Supposing the hammer to make 
one lift for every revolution of the wheeL Ans. 4*5. 

- JEx. 5. The diameter of a grindstone is 4 fL, and its 
weight 300 lbs. The circumference is made to revdve with 
the velocity of 5 ft. per second. The circumference of the 
axis is 6 inches, and the friction upon it ^ of the weight 
It is required to find the number of revolutions, which the 
stone will make, when left to itself. 

Centre of gyration from the axis = 2 ^^. 

Now by the question the velocity of a point 1 ft. from the 
azisss j^ft. 

Velocity of the weight per sec. = 4x2 i/^. 



• • 



The square of this velocity s -3-. 
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/. Work in the stone = 1^ ^^ = 58-3. 

2x64^ 



SOD 

Work destroyed in 1 revo. by friction = ■]nrX~8~=lS'7. 

.-. No. revo. = j^ == 3'1. 

Ex. 6. Required the same as in the last example, whea 
the diameter of the stone is 3 ft., the diameter of the axis 
1 iiL, and the stone makes one revolution per second. 

Ans. 21-09. 

Vis Viva, or Living Force. 

54. The yis viva of a moving body is a force which is 
expressed by the product of the quantity of matter by the 
square of the velocity. 

Let the weights of two bodies, A and B, be 4 and 7 lbs. 
respectively, and their velocities 5 and 9 ft. per second ; 
required the accumulated work of the bodies, in terms of 
their vis viva. 

Work in A = J^^^ ; work in B = ^^r- 

2 X 32| ' 2 X 32^ 

A Accumulated work in A and B = J x ^' ^ \t^^ ^ ^ ' 

Now the latter part of the expression, in the right hand 
side of this equality, is called the vis viva of the bodies A 
and B. 

.'. Accumulated work = ^ the vis viva. 

55. In the preceding problem, what must be the weight 
of another body W, having a velocity of 8 ft. per second, so 
that its accumulated work may be the same as that of the 
two bodies P 

Here the work in W s= ^ ^^ ; but this will bq equal to 

the work in the bodies just given ; therefore, by. &n easy 
reduction, we have, 

82 X W = 5»x 4+9» X 7, and W = 10-4 lbs. 
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O&ju Now, if the bodies A, B, and W are parts of the 
same machine^ and if the yelodtj <^ A be increased, the 
Telocity of B and W will obyioaal/ be increased in the 
same ratio : hence it follows, from the expression, that W 
will not be altered hj anj diange in the velocity of the 
machine. 

Mttximum velocity (jfihe Pision of an Engine. 

56. This will obvioasly take place when the pressure of 
tbe steam in the cylinder is equal to the total pressure of the 
resistances upon the piston ; for, so long as the pressure of 
the steam is greater than the resistances, the motion of the 
piston must be accelerated. Then the work remaining in 
the piston, at this point of the stroke, will be equal to the 
work accumulated in the machine. From this equality the 
velocity may be determined. 

JSx, 1. Hie pressure of the steam is 40 lbs., the steam is 
cut ofT at 2 ft. of the stroke, and the gross load upon the 
piston is 16 lbs. per sq. inch. At what point in the stroke 
will the velocity of the piston be the greatest? 

Let X = the point in the stroke, then as the velocity of 
tbe piston will be greatest when the pressure of the steam is 
16 lbs., we have by Marriotte's law, 

arxl6 = 2x40, /. ar = 5 ft. 

£x. 2. Required the same as in the last example, sup* 
posing the gross load to be 20 lbs. Ans, 4 ft. 

JEx, 3. The length of the stroke in a condensing engine is 
10 ft., the pressure of the steam is 30 lbs., and the steam is 
cut off at 2 ft. of the stroke. Bequired the gross load upon 
each inch^ and the pmnt at which the velocity of the piston 
is the greatest. 

Here proceeding as in Ex. 4., Art. 25i^ we have. 

Total work of the steam upon 1 inch of the piston ss 
t{30-h6-f4(15+7-5)+2 x 10} +30x 2 = 157-333. 

1 57 *SSS 

/• Mean pressure steam, or gross load = — r^ — = 15*73. 
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Now as the mean pressure of the steam is equal to the total 
resistances which the steam has to overcome throughout the 
stroke, the maximum velocity will take place when the 
steam, expanding itself, attains a pressure equal to 15*73 lbs.; 
hence we have, l^ Marriotte's law, 

XX 15-73 = 2 X 30, /. x = 3-813 ft Ans. 

Ex. 4. If the area of the piston in the last example s=: 
4000 inches ; and the weight of the mass moved, calculated 
to have the same motion as the piston = 50000 lbs. ; what 
will be the maximum velocity of the piston P 

Having determined, in Ex. 3., the point where the maxi- 
mum velocity takes place, viz. 3*813 ft., or 4 ft. nearly, from 
the end of the cylinder, we now proceed to find the work of 
the steam up to this point. 

The steam will act expansively over 2 ft. of the stroke ; 
dividing this space, therefore, into 4 equal parts, we have, 

Total work upon the whole piston to the point where the 
max. veL takes place = 

[•f {30 + 15 +4(24 + l7-142)+2 X 20} +30x 2] x 4000 = 
406378. 

Now the excess of this work over the work which is 
expended in moving the resistances, will leave us the work 
which is accumulated in the piston. But the work done 
upon the resistances = 15*733 x 4 x 4000 = 251733. 

/. Work accumulated in the pistons= 406378—251733=: 
154645. 

Putting Y therefore for the maximum velocity of the 
piston in feet per second, we have, 

V^X 50000 _ 154545 . y _, 14.1 ft, 
64^ 

Ex, 5. Required the maximum velocity of the piston, in 
Ex. 4., Art. 25., supposing the weight of the mass moved to 
be 30000 lbs. Ans, max. vel. = 7*2 ft., and the point 

where it takes place = 2 ft. nearly, from the end of the cy- 
linder. 
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. Obs, Simibiriy the veloeitj maj be found for any point 
of the stroke. The weight of the mass moved^ in anj engine 
referred to the piston, maj be determined bj Art S& 

Velodhf acquired by a Botfy d e te e mdmg am mdmed FUme, 

57. If a bo^ tredj descend an inclined pkne hj the 
force of gravitj alone, the work aocomolated in the bodj, bj 
Art. 10., will be dmplj that which is doe to the perpen- 
dicolar elevation, without an j regard to the angle, or curre 
of the plane. Hence the velod^ ai the bo^, will be that 
which it woold acquire by falling freelj throogh the per- 
pendicnlar hdght. 

Ex. 1. What velocity wonld a bodj acquire in descending 
a plane whose elevation is 144} ft. 

Here the time which the bodj would take to descend this 
height by Art 50., is 3 seconds^ thersfore the velocity ac- 
quired » 8 x 32^ = 96jt ft. 

Ex. 2. What velocity will a body acquire in descending a 
pUue whose height is 8 ft. ? Ans. ^2-6 ft 

When the friction of the plane is taken into account, it 
will be most convenient to employ the usual expression for 
accumulated wprk. 

Ex. S. A train of 10 tons descends an incline ci 200 ft., 
and having a total rise of 3 ft. ; what will be the velocity 
acquired by the train, supposing the friction to be 8 lbs. per 

ton? 

Workin the trains 10x2240x3-10x8x200. 

/. y!2il52S^12 = 10 X 2240 X 3-10 X 8 X 200. 
Hence we find, Y s= 12*1 ft. 

To determine the Fridum upon an Axis by experiment 

58. Example. The wheel inEz. 1., Art 53. was observed 
to make 28 revolutions before it came to a st^te of rest ; 
what part of the weight of the wheel is the friction upon the 
axis? 
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Let F be put for this proportional part, then the work 
destroyed by friction = F x 1120 x '6286 x 28. 

But this work must be equal to the work accumulated in 
the wheel, hence from the resulting equation we find F = *1 1. 

Resistance of Fluids. 

59. It is here proposed to establish the law of resistance 
assumed in Art. 14. The resistance of a fluid to the motion 
of a body is occasioned by the force necessary to displace that 
fluid. Now the fluid displaced must have the same motion 
given to. it as that of the moving body ; hence the work 
destroyed by the fluid wiU be equal to the accumulated work 
in the fluid. Let, for example, the firont of the body, pre- 
sented to the fluid, contain 2 sq. ft., the weight of a cubic 
foot of the fluid 62 lbs., and the velocity of the body 9 fL per 
second, — then the weight of the fluid displaced every second 
will be 9 X 2 X 62 lbs., but this weight has a velocity 
of 9 ft. given to it, therefore the work expended in the 

9^ X 9 X 2 X 62 
displacement = — . Now this work has been 

destroyed while the body has moved through the space of 
9 ft. ; if we call B, the resistance of the fluid in lbs., this 
work will also be represented by B x 9, tlierefcnre by equality 

R^g^ 9«x9x2x62 ^^^^ 9^x2x62 

6iJ ' 64^ 

Where we observe, that the resistance increases with the 
square of the velocity, as well as with the extent of surface 
presented to the fluid. In extreme velocities this law does 
not hold strictly true. It appears also from certain recent 
railway experiments, that the resistance of the atmosphere, to 
the motion of the train, depends chiefly upon the length of 
the train, and not so much upon the extent of the frontage of 
the carriages. The resistance of the atmosphere, given in 
Art. 14^ must therefore be considered as only true for a 
certain length of the train. 
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Efflux of Fluids. 

60. If an aperture be made in the side of a vessel, kept 
full of water^ then the accumulated work of the fluidj as it is 
being discharged, will just be equal to the work which gravity 
would perform upon it, while descending a space equal to the 
perpendicular depth of the orifice. Hence it follows, that 
the velocity of discharge is equal to the velocity which a 
body would acquire in falling freely through a space equal to 
the perpendicular depth of the orifice. 

Ex, 1. How many cubic ft. of water will a pipe, 1 inch in 
the section, discharge per min., from a vessel kept constantly 
fuU, the depth of the discharge pipe being 9 ft. ? 

Let y be put for the velocity of discharge per sec., and w 
the weight of a fiuid particle in lbs., then, 

Accumulated work in this particle = — - — 
Work of the particle in descending 9 ft. = 9 x t^. 
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r = 9 X w, and V = V^ijx9 = 24 ft. 



/. Discharge per min. = -j-J^ x 24 x 60 = 10 c. ft. 

Ex, 2. If the section of the cistern, in the last example, be 
5 ftr, and a pressure of 3225 lbs. be applied to a piston fitting 
the dstem and in contact with the water ; what will be the 
velocity of the discharge ? 

Here it is evident, that the effect of the pressure of the 
piston upon the efflux will be equivalent to an additional 
column of fluid producing the given pressure of the piston. 

Additional coL of fluid = ^ "l. - = 10 ft. 

5 xo2*5 

Total coL pf fluid = 9 + 10 = 19 ft. . 
Then, proceeding as in the last example, we have, 

V = V64J X 19 = 85 ft nearly. 
Observation, In the preceding calculations no account has 
been taken of the vena contracta, or the contraction of the 
stream at the discharge. 

f 2 
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Work performed by a Jet of Steam, 

61. When steam issues from a nozzle, its elasticity is nearlj 
the same as that of the surrounding atmosphere ; and the 
volume of the steam at the nozzle will therefore be 1711 times 
that of the water from which it is raised. The motion of the 
particles of the steam, at the nozzle, is due to the work of the 
expansion of the steam. 

Ex, \, Steam is discharged from a nozzle, whose area is 2 
inches with the velocity of 500 ft. per second ; how many 
H. P. would a wheel perform which takes up all the work in 
the steam ? 

Vol. steam discharged per sec = yf^ x 500. 

Wt 2x500x62-5 _ .gRoeibs. 

''**'• M n » 144x1711 — ^^o\ix%t^ 

Accumulated work per sec. = ^ = 985. 

. TT p _ 98^ X 60 _ -.^ 

Ex, 2. If 9 cubic feet of water be evaporated per hour, 
when the area of the nozzle is 1 inch ; how many H. P. will 
the wheel have ? 

Vol. steam discharged per sec. = ^ 

TT 1 'x— J. 1711x9x144 ^r^ A <% 

.-. Velocity steam per sec. =: -^^ = 68'4 x 9 

9 X 62*5 

Wt. Steam discharged per sec. = ^^ = -017 x 9. 

/. Accumulated work per sec = ~^r ~ — 

= 1-23 X 9«. 

From this expression it appears, that the work performed 
by steam, in this manner, increases with the cube of the toater 
evaporated; this remarkable result is due to Professor 

Moseley. 

H P — ^'23x9^x60 _ j^ 
33000 
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Observaium. In these calculations the coefficient of efflux 
has been n^lected. 

Work rfihe Fire Engine. 

02. In this engine^ water is thrown from a pipe with a 
velocity necessary to reach a certain distance ; in this water, 
therefore, there is aocomnlated work, the amotmt of which 
may be determined by the nsnal expression. 

Ex. 1. The section of a pipe of a fire engine is f in., and 
the velocity of the water discharged 50 ft. per second ; re- 
quired the work which most be applied to the engine per 
minute. 

Here wt. water discharged per min. = 47^44 x 50 x 
60 X 62'S. 

/. Accumulated work per min. 3= — ^ ^- — ^^Y 

= 37949. 

Ex. 2. How many men will it take to work the engine in 
the last example, allowing that a man can perform 260Q 
effective units of work per min. ? 

No. men -s!I?li = 14-5 

Ex, 3. Required the same as in Ex. 1, when the section of 
the pipe is 1 in., and the water is projected with a velocity of 
120 ft. -47W. 699481. 

Poncelei^s Water Wheel 

63. In the common undershot water wheel, the paddles are 
fiat> whereas in Poncelet's wheel they have a curved b 
shape, AB; so that the direction of the curve at A^ ^ 
where the water first meets the paddle, is the same ^ 
as the direction of the stream. By this ingenious con- 
trivance, the water rolls up the curved incline A B, without 
meeting with any sudden obstruction calculated to occasion a 

F 3 
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loss of work. The channel has a depression at the point 
where the water falls horn the paddles. Let Y be the 
velocity of the stream, and v that of the wheel, then since 
the point A of the paddle is moving away from the stream, 
the water will flow upon the paddle with the velocity V — r, 
and will continue to run up the curved incline until it has 
lost its motion, it will then descend, acquiring in its descent 
the same velocity as that which it had in its ascent, but in a 
contrary direction. If the wheel were not moving V — v 
would be exactly the velocity of discharge from right to left, 
but the paddle is moving the water from lelt to right with 
the velocity v, therefore the absolute velocity of the water 
upon leaving the paddle will beV — r — v = V — 2i?. Now 
all th^ work will have been taken out of the water, when its 
motion upon leaving the paddle is nothing, that is, when 
V — 2t7 s= 0, or V = 2v. In this case, the water having lost 
all its motion, will simply drop from the paddle, and the 
work done upon the wheel will be equal to the work ac- 
cumulated in the water of the stream. Moreover it appears, 
that this maximum condition is fulfilled when the velocity of 
the stream is double that of the wheel. However the dis- 
tinguished inventor states, that, in practice, the velocity of 
the water, in order to produce its maximum effect, ought to 
be about 2^ times that of the wheel, and that then the 
modulus of the wheel is about •?. This wheel, other things 
being the same, will perform about twice the work of the 
common undershot wheeL 

When there is motion in the water after leaving the wheel, 
we must calculate the work accumulated in that water, and 
subtract it from the whole work originally in it, in order to 
obtain the work done upon the wheel. Proceeding in this 

way, after a little reduction, we find U = (V — v)v. 

if 

Ex. 1. Ninety cubic feet of water flow upon the paddles of 
Poncelet's wheel per second, with the velocity of 6 ft., when 
the wheel moves at the rate of 3 ft. per second ; required the 
H. P. of the wheel. 
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This is obviouslj a case of maximum work. 
Weight water flowing per sec. = 90 x 62-5 = 5625. 

/. Work per sec. = ^^^ = 3147. 

64J^ 

Hence we find the H.P. = 5*7. 

£x, 2. Required the same as in the last example, when 
70 cubic feet of water flow upon the paddles. Ans. 4*4 

JEx. d. Required the same as in the preceding examples, 
when the quantity of water is 80 c. ft., the velocity of the 
stream 3 ft. and that of the wheel 1 ft. Ana* 1*13. 

Here the velocity with which the water leaves the paddles 
= 3-2 X 1=1 ft. 

18 X 80 X 62-5 



/• Work remaining in the water = 
Work in the water at first = 



64i 
3» X 80 X 62-6 



64i 

Taking the difference of these expressions we find the 
work done upon the wheel per second to be 621*7. This 
result might have been more easily calculated from the 
general expression for U given in page 102. 

Ex. 4. Required the same as in the last example, when the 
water fiowing p^ second is 60 cubic feet, the velocity of the 
stream 9 ft., and that of the wheel 4 ft. Ans. 8*47. 

Observation. In these questions no account is taken of 
friction and other resistances. 
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THE FLY WHEEL. 




To find the posiHon cf the crank corresponding to its 
maximum and minimum velocity in a single acting engine. 

M. Let P and D be the required 
positions of the crank, and let us sup- 
pose P to be the instant pressure of 
the connecting rod acting always in a 
vertical line. Put Q for the constant 
resistance, acting at one foot from the 
axis of the flj-wheel, equivalent to the 
work of the engine. The motion will 
be accelerated from P to D. This ac- 
celeration will commence when the moving pressure is equal 
to the resisting pressure, and it will cease under the same 
condition. The former will correspond to the position of 
minimum, the latter to that of the maximum velocity. 
Hence at tiiese two points the moment of P must be equal 
to the moment of Q, and the point D will be as much below 
the horizontal line Q Y as the point P is above it. 

/. P X 1 = Q X 1. 

Again, we have by the equality of work, puttipg r for 
PP, 

Work of P in 1 revo. = 2r P. 

„ Q „ = Q X 2 X 3-1416. 

/. 2 r P = Q X 2.x 31416 ...(1). 

Dividing the former equation by the latter, we have 

Now this is the cosine of the angle P V ; hence from the 
tables, we find P V = 71** 27'. 

To find the Dimensions of the Fly Wheel 

65. Let d and p be the maximum and minimum velocities 
of the wheel at the distance of 1 from the axis ; W the 
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weight of the wheel, andilthedistaiioeoftfie centre of gyra- 
tion from the axis. 

Work of PiiomPtoDsPxPD = 2rP8in71''27' 
= 2 r P X -948- 

WorkofQfromPtoD=.Q^^^^'^,^i;^^^^^^^^ 

360^ 

= 2rP X "8968, 

By substitaling tiie valne given in equation (1) Art M. and 

reducing. 

Now the difference of these will give ns the work that 

goes to increase the speed of the wheel between the points 

P and D, that is 

Work going into the wheel between Pand D = 

2rPx-948-2rPx -3968 = r P x 11022. 

Accumulated work at P = ^y ^ 

d»A«W 



» 



St D=r 



2g 



.*• Accumulated work gained from P to D =-s — («P —/>*)• 
But this must be equal to the work before found. 
/.*lZ(d« -;>«) = rP X M022 ... (1). 

Let V be the mean velocity of the wheel at 1 from the 
axis, and let the velocities d and/i, at each of the extremes, 
differ from this mean by an n^ part ; then 

rf = V+X,|, = V-— , and 

It 

Let also U be the work of the engine, and N the number 
of strokes performed per minute ; then 

V = 2 X 3-1416 X ^=-10472 x N ...(3> 

U = 2 rPN, .-. rP = ^...(4). 

r i 
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Sabstitodng the values givsa in the equatioiu (2), {3\ 
and (4), in equation (1), and reducing the given qnantitief 
we finally obtain, 

W= £^x808-2...(5> 

AAer the same manner we may derive the equatirai, 
expressing the relation of the elements, for the double acting 
engine. This result^ obtained without the aid of the difieren- 
tial calculus, is substantially the same as that given in 
Moseleys Engineering, page 386. For further details on 
this interesting subject, see the work just referred to, or 
Hann's treatise on the Steam Engine. 

Ex. 1. The H. P. of a single acting engine are 30, the 
number of strokes performed by the piston per minute is 20, 
the distance of the centre of gyration of the fly-wheel from 
the axis 10 feet; it is required to find the weight of the 
wheel, so that thevelod^ of each revolnion may not vary by 
more than ^ iVom the mean. 

Here TI = 30 X 33000 ; A = 10 ; N = 20 ; and n = 5. 

Substituting these values in eq. (5) we obtain, W = 2'23 
tons. 

Ex. 2. Required the same as m the last example, when 
U =330000; A = 10; N = 20-, and » s= IS. 

Ant. 2-2 tons. 

EQUILIBRIUM OF PRESSURES, &c. 
Parallelogram of Forces. 
««. Let the board A W R 
be placed upon three balls 
rolling freely upon a hori- 
zontal table. Take any three 
points, B, Q, and S, in the 
surface of the board, and let 
the cords A B, D Q, and R S 
be attached to the points. 
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These cords pass ov^ pnllejs, and haye difPerent weights 
hanging at their extremities. Under this arrangement the 
board, acted npon by three forces, will roll upon the table 
until it comes to a position where the three forces destroy 
each other.* When this position has been attained, the fol- 
lowing important rehition will be. observed, between the 
direction and magnitude of the forces. 

1. The direction of the forces will intersect, or meet, in 
the same point o. 

2. From a scale of equal parts, take off or equal to the 
units of pounds in the weight, or force, drawing by the cord 
Q D, and in like manner from the same scale of equal parts 
take off o V equal to the units of pomids in the weight, or 
force, drawing by the cord A B, then if upon the two lines o r 
and o V we construct the parallelogram o r e v, the diagonal o e 
will be the tectum of the third force acting by the cord B S, 
and the units of length in the diagonal o e -mil give the units 
of pounds in the weight, or force acting by this cord. This 
is called the principle of the parallelogram offerees. The 
forces represented by the sides o r and o v are called the com- 
ponent forces, and the force just equivalent to these two and 
represented by o e, is called the resultant. 

3. Instead of three forces being applied to the board, let 
there be any number. Let P be any point taken in the board, 
and from this point let fall the perpendiculars P n, P «, P ^, 
&c. on the directions of the forces, or if necessary, on the 
directions of the forces produced ; then the units of length in 
any one of these perpendiculars, multiplied by the units of 
pounds in the corresponding force, will be the moment of that 
force tending to turn the board upon the point P ; and then 
the principle of the equality of moments, explained in Art. 
32. will be observed. 

67. Let A B (see fig. page 66.) be a platform with a 

* An apparatus of this kind may be purchased at Watkins and Hill, 
Charing Cross. 

F 6 



108 EXEBCISE8 m MEGHAKICfl. 

load C upon it, supported by a chain AD; it is required to 
detemune by construction the tension of the chain, and also 
the amount and direction of the pressure upon the hinge at 
B, the weight of the platform being neglected. 

Construction. Through the point C chraw the vertical line 
C Qy intersecting the direction of the chain in the point o^ 
joinB ando, and from a scale of equal parts set off On equal 
to the units in the weight placed at C ; draw n r parallel to 
AD, and re parallel to Co, then itoer willbetheparallel<4 
ograqi of pressures. Because is the intersection of two of 
the forces or pressures ; therefore by Prop. I. Art. 60. the 
direction of the third force must also pass through O ; but 
this third force must also pass through B, — hence it follows 
that B is the direction of the pressure upon the hinge. 
From the scale of equal parts measure o r, and it will give the 
units of pressure on the hinge, and in like manner o e will 
give the units of pressure tending to break the chain. 

Ex. 1. Let B A = 3 ft., B D = 5 ft, B C =s 2 ft., and 
the weight at C == 1^ tons, then it will be found by con- 
struction that the pressure on the hinge s *8 tons, and the 
tension of the chain =1*16 tons. 

Ex. 2. Required the same as in the last example, when 
the load is 8 cwts. Ans. 4*3 and 6*2 cwts. 

Ex. 3. In the platform of Example 1, the chain is just able 
to support 24 cwts. ; what weight may be placed at C ? 

Here we first mark off o e = 24, then construct the parallel- 
ogram oe m, and the units in o n = 31 cwts, which is the 
weight required. 

Ex. 4. Required the same as in the last example, when the 
chain is just able to sustain 32 cwts. Ans, 41 ctots. 

es. A pole O D (see fig. page 66.) supported by a cord A D, 
carries a weight W ; it is required to find the tension of the 
cord, and the pressure on the pole. 

Construction. On the line D N mark off D it equal to the 
units of weight in W, draw n I parallel to D A, intersecting 
D in I, and from I draw I e parallel to D n ; then D n I e 
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will be the paraUelogram of pressures; therefore the units in 
D e will give the tension of the cord, and the units in D I 
will give the pressure upon the pole. 

Ex.!. Let O D = 50 ft., O A s 20ft., A D = 60ft., 
and W = 25 cwts. ; required the tenaon of the cord, and 
the pressure on the pole. 

Construction. With the three given dimensions construct 
the triangle A O D, from D let fall the perpendicular D N 
upon A O produced, from the scale of equal parts mark off 
D A = 25, and construct the parallelogram n e^ then it will 
be found that D e or the tension =s 28 cwts., and D I or the 
pressure on the pole = 50 cwts. 

Ex, 2. Required the same as in the last example, when 
W ^ 15 cwts. Ans. tension = 16 cwts., and pressure on 
the pole = 29 cwts. 

Ex. 3. If the cord in Ex. 1. is just able to sustain a tension 
of 35 cwts., what weight may be suspended from D ? 

Am, 31 cwts. 

Here D e is taken equal to 35, and then the parallelogram 
n e is constructed. 

Ex. 4. Bequired the same as in the last example, when the 
tension o£ the cord is 22 cwts. Ans. 20 cwts. nearly. 

Ew. 5. Let O D be a ladder weighing 3 cwts and having 
its centre of gravity, c, ^ from the foot, required the amount 
imd direction of this pressure on the ground, supposing the 
ladder to be supported by the cord A D. 

Construct the triangle A D as in Ex. 1. take oc ^ ^ of 
50 = 16*6, through c draw R c perpendicular to A N, pro- 
duce B c until it intersect A D in a point which we shall call 
V, join the points V and O, then V O will be the direction of 
the pressure on the ground. Construct the parallelogram of 
pressures, as in the preceding examples, and the pressure on 
the ground will be found to be 3*9 cwts. 

69. A beam F B is supported by a cord F A ; it is re- 
quired to determine the direction and tension of the cord 
B H, so that the beam may not change its position. 
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ConstrtAction* Through the centre of 
gravity, C, draw the vertical line C K, 
produce A F. until it intersect this ver- 
tical line in the point K, join K and B, 
then K B produced will give the direction 
of the cord. Take K I equal to the units 
in the weight of the beam, and construct 
the parallelograni of pressures N V, then 
the units in K V will give the tension of the cord H B. 





70. A gate A H is supported by a pin 
turning in a socket at O, and prevented 
from falling in the direction A D by a 
hook and loop at A ; it is required to de- 
termine the amount and direction of the 
pressure upon the pin O, cmd the force 
tending to draw the hook A from the 
wall. 

Construction. Through the middle, or centre of gravity of 
the gate, draw the vertical line D C, join the points D and 
O, then D O will be the direction of the pressure upon the 
pin. Take D C equal to the units in the weight of the gate, 
and construct the parallelogram of pressures C F, then the 
units in D Q will be tbe pressure upon the pin, and the units 
in D F will be the force tending to draw the hook. See 
Art. 67. 

Ex. 1. Let O H = 5 ft, O A = 4 ft, and the weight of 
the gate = 2 cwts., then it will be fouad that the pressure 
upon the i»n o = 2*35 cwts., and the pressure upon A = 
1*25 cwts. 

Ex. 2. Bequired the same as in the last example, when 
the weight of the gate is 160 lbs. 

Ans. Pressure on O = 188 lbs., and pressure on A = 
100 lbs. 
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To determine whether a piUar trill stand or /all when acted 
upon by a given pretture. 

7L Let P be the direction and smoont of the pressur^ 
tending to turn the pillar upon the edge O as a centre ; 
and A V a vertical line pasdng through the centre of gravi^ 
of the pillar, intersecting the Line P produced in the point 
A; from a scale ofequal parts, take A C 
equal to the units in the pressure P, and 
from the same scale take AB equal 
to the units of weight in the pillar ; 
construct the parallelc^ram of forces 
A B 1) C, then by Prop. 2. Art, 60. 
A D will be the amount and direction 
of the single force tending to overturn 
the pillar. If A D produced intersect 
the base within ihe edge O, the pillar will stand ; and on the 
contrary if the point of intersection, Q, fall without the base 
the pillar will fall ; hot if it intersect at the edge 0, then Uie 
pillarwilljust beupon the point of OTertuming. 

It is obvious that if the whole pillar stand, any piUar of a 
less height will also stand, other things being the same. The 
point Q is called the point of reustance. Professor Moseley 
first gave the general equation of the line of resistance for a 
given structure. 

£ie. 1. Let R = 20 ft., V = 1 ft, length = 1 ft., 
B P =1 1-5 ft., wdght of the material = 100 lbs., P = 200 
Ibe., and its direction SO" inclined to the horizon. 

Here, weight pillar = 20 x 2 x 1 x 100=4000 lbs. 

ComtrucHon, Draw the rectangle BPO, &c.; considering 
the ttnits on the scale to be thousands, take A B ^ 4, A C 
^'2, complete the parallelogram B C, and the diagonal, A D^ 
produced, shows that tlie pillar will stuid. 

Ex. 2. Required the same as in the last example, when 
P = 400 lbs., and the wdght of a cubic foot of the material 
= 1 20 lbs. Ant. The pillar will falL 
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Ex. 8. Required tbe throBt P, in Ex. 1^ bo that the pillar 
may jnst be upon the point of OTertuming. 

Join the pointa and A, take A B = 4, and construct the 
paraUelogram B C ; measure off A C from tbe Bcale, and it 
will give 250 lbs. nearljr, for the pressure required. 

Ex. 4. Required the same as in the last example, when the 
angle which P makes with the horizon is 45°, Ant, 303 Iba. 

Modulus cf Stability. 

72. A structure will be more or less stable, according aa 
the point of resistance, Q, is more or less distant &om the 
edge 0. Hence the modulus of stability, may be defined to 
be, the ratio that Q bears to O V. Thus, if Q were in the 
middle between and V, the modulus would be ^ ; if Q were 
at y, the modulus would be 1, or the most stable possible, 
under the given conditicms ; and if Q were at O, the modulus 
would be 0, that is, the structure would be on the point of 
OTertuming. Vauban conuders that the modulus of a good 
structure ought to be about ^ 

Ex. 1. What must be the pressure P, in Ex. 1. Art. 9X, so 
that the modulus of stability may be ^ Am. 1 10 lbs. 

Cotutrttetion. Bisect OVin tbe pointQ,joinQandA,from 
a scale of equal parts take A B = 4000, and construct the 
parallelogram of pressures B C ; then the units in A C will 
give the units of lbs. iu the pressure P. 

Pressure of Hoofs. 

73. Let C A and Q A be the 
rafters of a roof resting upon 
the side walls at C and Q: it is 
required to determine thethmst 
on tbe pointe C and Q, the roof 
bdng without a tie beam. 

Construction. Let us suppose 
that the weight of the roof is equally distnbuted over the 
surface, and that afoot of length of this roof acts upon a foot 
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(tf'l^igtii of tbe side walla. Find theweiglit of eaehsideof 
the roof one fool long, and let a weight W, be supended from 
A equal tothehalfsamof these weighti^ then one half of the 
whole weight open the rafter, G A, will act perpendicnlariy 
upon the wall at C, the other half acting in the wdg^t W; 
and in like manner one half of the whole weight i^cmtiie rafter, 
Q A, will act perpendiciilaily npon tiie wall at (^ the other 
half acting in the weight W. Now take A O eqnal to the 
units of weight in W, and constract the parallelognun of pres- 
sures n Cy then A e will giye the thmst upon the rafter A G, 
and A n the thmst upon A Q. 

Ex. 1. The span of a roof is 32 ft., the pitch 90^, and the 
weight of each superficial foot 8 lbs. ; required the throst upon 
the rafters. Ams. 148 Ibt. 

Here by constructing the triangle C A(^ we find C Aas 
18*5 ft;., and the weight of 1 ft. of tbe roofs 18*5x2x8 = 
296 lbs.; hence W=^ of 296=148 lbs. From a scale take 
A O = 148, and draw the parallelogram n e^ then the units 
in A « will giye the lbs. thrust upon the rafter. 

Ex. 2. Required the same as in the last example, when the 

pitch is 45°, and the weight per square foot 12 lbs. 

Am, 192 Ib9. 

74. To determine the tension of the tie beam C (^ or of a 
cord connecting the feet of the rafters. 

Construction. Take C a equal A e, the thmst upon the rafter 
A C, draw a P perpendicular to C (^ and constract the paral- 
lelogram a tCP, then, by Art. 66. Prop. 2, the pressure C a 
is equivalent to the two pressures C t and C P, now the latter 
pressure gives the tension of the cord which would be pro- 
duced by the thmst of the rafter C A ; but the rafter A Q will 
produce an equal and opposite tension, therefore the units in 
2 X C P will give the units of tension of the cord C Q. 

£lv. 1. Required the tensions of the tie-beams, in Ex. 1. 
and 2. Art. 7& Ana. 256 and 271 lbs. 
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TodtierminetheamimnlttnddireetioMofthepreaulreo/t&e 
roof, Undaig to overturn the tide wails. 

75. Itlia8beenshown,iDArt.rs^thatbeaides,CA,thethrutt 
upon the rafter, we have a vertical presanre npoo the wall, 
arising from one half the weight borne by th« rafter. Take 
C t equal to tbe units in this vertioal preaanre, and construct 
the paralldognun C oF, t, then the diagonal CF, will give 
the amoant and direction of the preaaure of the roof tending 
to oTertum the wall C> 

Ex. 1. Reqnired the pressure upon the wall in Ex. 1. 
Art 73. Here we take C a = 148, C < = 74, or one half 
the units of weight in each rafter, then tiie pressure C F, = 
200 lbs. nearly, and the inclination to the horizon 49°. 

Ex. 2. Required the same as in the last example, when the 
span of the roof ia 30 ft;., the pitch 45°, and the weight of a 
superficial foot of the roof 12 lbs. Aru. 760 Ibt. nearly, 

Ex. 3. Required the same as in the last example, when the 
span is 20 ft. Am. 190 lbs. nearly. 

Ex. 4. If the side wall in the last example be 15 ft. high, 
2 ft thick, weight of the material 120 lbs. per cubic foot, and 
the rafter foot at 6 inches from the exterior edge of the wall ; 
will the structure stand ? 

Here the wwght of 1 ft. length of the wall = 2 x 1 x 15 X 
120 = 3600 lbs. 

Then proceeding as directed in Art. 71. we find that the 
wall will stand, and that the line of resistance meets the base 
at about 7 inches from the outer edge. 

Ex. 5. Would the wall in the last example stand, if it were 

I ft. thick ? Ang. It would fall. 

Pressure of Fluids on Embankments. 

76. Let H B be the side of , 
a vessel filled with water, then 

the pressure of the fluid upon 
any point, P, in the side, will 
be due to the perpendicular 
depth H P. This is, in other 
1angnage,3tatingthat^^)r««- 
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sure is proportional to the depth* The reason of this is,— > 
since gravity acts upon all the particles of the fluids each 
particle presses on that which is next below it, and then, from 
the peculiar property of a fluids this pressure is transmitted 
equally in every direction. 

In the base B C produced take 6 A equal to B H, the 
perpendicular depth of the fluid, then the pressure upon the 
point B will be due to the pressure of a column of fluid whose 
height is B A, join A and H, and from any point P draw P D 
perpendicular to B H, then because P D =3P H, the pressure 
on the point P will be due to a column of fluid whose height 
is P D, and so on to any other point in the side of the vessel. 
Let us now suppose that the depth of the water, H B, is 3 ft.^ 
and the length of the side 4 ft., then the whole pressure upon 
the side will be equivalent to the pressure, or weight, of a 
mass of fluid of the form of the wedge, A B H, that is, 
Pressure=3x4xfx62'5=sll251bs. 

Here we observe that the lbs. pressure upon the side or 
proposed surface of a vessel is equal to the weight of a column 
of fluid whose base is the area of the surface, and perpendi- 
cular height, the depth, of the centre of gravity, or middle 
point, of that surface. 

Ex. 1. Required the pressure on a flood gate whose breadth 
is 8 ft. and depth 6 ft. 

Pressure = 6 x 8 x f x 62'5 = 9000 lbs. 

Ex, 2. The depth of water pressing against an embank- 
ment is 9 ft., required the pressure upon each foot of length 
in the embankment. Ans, 2631^ lbs, 

Ex. 3. Compare the pressure upon the sides of a cubical 

vessel flUed with water, with the pressure upon the bottom, 

allowing, for the sake of simplicity, that Ihe side of the bade is 
2 feet. 

Pressure on the base r: 2 x 2 x 2 x 62*5. 

„ 8ides = 2x2xf x62-5x4. 

Pressure on sides *% i. • -l 

•*• Pressure on base = ^> *^** ^^' the pressure on the sides 
is twice that on the base. 
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Ex. 4. Required the pressure on the stttTes of a cylin^cal 
barrel filled with water, the diameter of the base being 3 feet, 
and the perpendicular height 4 feet. Ana. 4712 Ibt. 

77. It will readily be seen, that there mast be a certain 
point in the side of a vessel, filled with water, where a single 
pressure will exactly counterbalance the presaure of the water 
against the whole eide. This point is called the centre o/pres' 
ture. It must obviouriy lie in the line, D F, passing through 
the centre of gravity of the Huid wedge A B H. But by Art. 
34., B P = ^ B H, that is, the centre of pressure F, lies at 
one third from the bottom of the vesseL 

If the etaves of a barrel be kept together by a ringle hoop^ 
and if the barrel be filled with water, then the ho<^ most be 
placed at one third from the bottom. 

£x. 1. Required the centre of pressure in Ex. 1. Art 7*. 

Am. 2 ft. from the bottom. 

Ex. 2, Required the centre of pressure in Ex. 2. Art. 70. 

All*. 3 ft. from the bottom. 

78. An embankment, B D, sustaias the pressure of water 
whose centre of pressure is at P, it is required to determine 
the conditions of equilibrium, &c., supposing the embankment 
to turn over upon as a centre. 

Let C V be a verliail line 
passing through the centre of 
gravity of the embankment, P 
the centre of pressure of the 
water. Draw F I perpendi- 
cular to R O, then the product 
of the pressure of the water by 
1, will give the moment of 
the water, tending to turn tlie 

embankment over upon O as a centre; and in like manner, the 
product of the weight of the embankment by Y, will give 
the moment of the embankment, tending to turn itself in a 
direction opposed to the pressure of the water. When these 
moments are equal, the embankment is upon the point of 
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overturning. If the moment of the water be greater than 
that of the embankment, the structure vrHl fall, and vice versa. 
In the following calculations the length of the embankment 
is taken at one foot, because if it stand for one foot, it will 
stand for any other length. 

£^ir. 1. Let O R = 9 ft, O D = 3 ft., and the weight of 
a cubic foot of the material = 150 Ibs^ will the embankment 
stand or fall when the water is at the top ? 

Surface upon which the water presses ==: 9 x 1. 

Pressure of the water = 9 x 1 x f x 62-5 = 2531-25 lbs. 

Distance of the centre of pressures from the bottom, or 1 
=:f=3ft. 

/• Moment of the water =r 2531*25 x 3 = 759375. 

Weight of the embankment =s 3 X 1 x9xl50 =4050 lbs. 

Moment of the embankment s 4050 x f =s 6075. 

Here we find that the moment of the water is greater than 
that of the embankment, — Whence the structure will falL 

Ex, 2. Bequired the same as in the last example, when the 
height is 12 ft., the thickness 5 ft., and the weight of a cubic 
foot of the material 120 lbs. Ans. The embankment will be 
just upon the point of overturning. 

Ex. 3. What must be the height of the water in Ex. 1. so 
that the embankment may be upon the point of overturning? 

Here we have by equating the moment of the pressure of 
the water with that of the embankment, 

S^ X 62-5 = 6075 ; and .% height = 8-3 ft- 

Ex. 4. Bequired the base, or thickness, of a rectangular em- 
bankment, when the height is 15 ft., the weight of a cubic 
foot of the material is 140 lbs., and the water stands at the 
brim, so that the structure may be upon the point of over- 
turning. 

Proceeding as in the last example, we find, 

Base'x 1050 = 35156-25, and /. base = 57 ft. 

Ex. 5. Let the embankment have the form of a trapezoid, 
AHBC, (See fig. to Art. 76.) where AB=:3ft., BC=s 
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2 ft., R C as 9 ft., and the weight of a cubic foot of the mate- 
rial =s 100 lbs. ; will the embankment stand or fall, when the 
water is at the brim ? 

Let the embankment be divided into two parts, viz. the 
rectangular part B B, and the triangular part A B H. Now 
by Art M. a vertical line passing through the centre of 
gravity of the triangle, will cut the base at the distance of 2 ft. 
from the centre of motion A; and a line through the centre 
of gravity of B B will cut A C at the distance of 4 ft. from A. 

Wt. of A B H = ^ X 1 X 100 = 1 350 lbs. 

/. Moment of A B H = 1350 x 2 = 2700. Similarly, 
Moment of B R = 1800 x 4 = 7200. 
/. Moment of the whole embt. = 2700+7200 = 9900. 
Moment of the water = 9 x 1 x } x 62*5 x f = 7593. 
Hence it follows that the embankment will stand. 
Ex, 6. Required the same as in the last example, when 
A B = 6 ft.» B C =: 4 ft., and R C = 15 ft. 

« 

Afu. It will stand. 

Ex, 7. Required the modulus of Stability of the structure 
in Ex. 1., when the base D = 5 ft. 

Here the wt. of the structure = 5x1 x 9 x 150 = 
6750 lbs. 

Pressure of the water ss 2531 lbs. 

Construction, Draw the rectangle R D, take D P = 3, 
draw P I parallel to O D, bisect the base in the point Y, 
and draw V C perpendicular to O D, intersecting P I in the 
point C ; from any diagonal scale mark off C n = 6750, and 
C ^ = 2531; construct the parallelogram n t, — then the 
diagonal C e produced will intersect the base in a point, 
which we shall call Q, situated between and V. The ratio 
between O Q and O V will be found to be about 13 to 25. 

Ex, 8. The breadth of a flood gate is 10 ft., and the depth 
6 ft. The hinges are placed at 1 ft. from the respective ex- 
tremities of the gate. It is required to find the pressure 
upon the lower hinge. 
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Here the pressure of the water on each half of C 
the gate = 6 x5 x }x 62*5 = 6625 lbs. ^_ 

Let C D be the height of the gate, A and B the 
hinges, and P the centre of pressure of the water, 
— then DP = |. = 2;AP = 5-2 = 3 ; and p 

B A « 6—2 = 4. Now since the pressure of the t» 

water at P is supported by the hinges A and B, 

we have by the principle of the leyer, Art. 28., ^ 

Pressure on B x 4 = 5625 x 3 ; /• Pressure on B = 
4218 lbs. 

£x, 9. Required the same as in the last example, when 
the breadth of the gate is 8 ft., the depth 7 ft., and the 
distance between the hinges 4 ft. Ans. 4849 lbs. 

79. Let the embankment be supported by a shore, or stay, 
S Y ; it is required to find the thrust upon this stay when 
the embankment is upon the point of overturning on the 
edge O. 

Here the moment of the thrust of the stay, added to the 
moment of the embankment, will be equal to the moment of 
the pressure of the water. From this equality, the thrust 
may be readily found. 

Ex. 1. Let H D = 12 ft., O D = 1-5 ft., weight of a cubic 
foot of the material =130 lbs., S Y = 5 ft., and S = 3ft.; 
required the thrust upon the stay when the embankment is 
upon the point of overturning on O, the water being at the 
top. 

Wt. embankment = 1-5 x 1 x 12 x 130 = 2340. 

Moment of „ =2340x^ = 1755. 

Let T be the perpendicular upon the stay, then O T = 
2-4. 

.*. Moment of the thrust on the stay = thrust x 2*4. 

Moment of the pressure of the water = 18000. 

••. Thrust X 2-4 + 1755 = 18000; and .% thrust = 6768. 

Ex. 2. Required the same as in the last example, when 
D = 2 ft. . Ans. 6200. 
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Ex. 3. Required the same as in Ex. 1., when the stay is 
10 ft. long, and placed with its foot at 8 ft. from O. 

Ans. 3384 lbs. 

To determine the form qfmaximumj or equable^ strength &f 

an embankment 

80. The embankment, Y H N F, will 
have a maximum strength if the part 
Y U be upon the point of overturning 
upon the edge Q, at the same time that 
the portion Y H N F is upon the point 
of overturning upon F, by the pressure 
of the fluid. 

Ex, 1. The height of the embank- 
ment, H N = 6 ft., Y Q = 3 ft., and the weight of a cubic 
foot of the material =120 lbs. ; it is required to find the 
base F N, so that the embankment may be upon the point 
of overturning on F, at the same time that the part Y U is 
upon the point of overturning on Q, when the water stands 
at the brim. 

Here we must first find the base Q U, so that Y U may 
be upon the point of overturning on Q, by the pressure of 
the water on H U. 

Put a; = Q U, then proceeding as in Ex. 4. Art. 78., we 
find, 

«« X 180 = 281-25 ; /. a? = 1-25 ft. nearly. 

"We have now to find F N, for this purpose let y = F D, 
then, 

Moment FQ = yxlx3xl20x|. 

Moment Y D N H=l-25 x 1 x 6x 129x(y+~^). 

Moment water s= 2260. 
Now the sum of the two former moments must be equal 
to the moment of the water, hence we find by reduction, 
' 180 y» +900|sf+ 562-5 = 2250. 
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Solying this equation we find y as 1-45, and F N s= 1*45 
+ 1-25 = 2-7 ft. 

Ex. 2. Required the same as in the kst example, when 
V Q ss 2 ft., and the weight of a cubic foot of the material 
= 100 lbs. Ans. Base of the top part s -912 ft. nearly, 
and base at the bottom s= 3 ft. 

Reveimeni WaUs. 

81. A wall sustaining the pressure of earth, or any loose 
material, is call a revetment walL The pressure of earth 
upon a wall is similar to the pressure of water, with only 
this difference,— that the weight of the material must be 
reduced by a certain ratio dependent upon the angle of it§ 
natural slope. The thrust of earth upon a wall is occasioned 
by a certain portion, of a wedge shape, tending to break 
away from the general mass. Coulomb showed, that the 
angle which this line of rupture makes with the vertical is 
one half the angle which the line of natural slope makes with 
the verticaL 

Now when the earth is level at the top, we may always 
find the pressure of the earth by regarding it as a fluid, 
having the weight of a cubic foot, equal to the weight of a 
cubic foot of Ihe earth multiplied by the square of the tan- 
sent of half the angle of the natural slope from the vertical 
In earth of mean quality the angle of natural slope is about 
45^ then the square of the tangent of half this angle vnU be 
'1716, this number, therefore, multiplied by the weight of a 
cubic foot of the material, gives the weight, in this case, of 
a cubic foot of the equivalent fluid pressing agalQ/st the 
wall 

In like manner it is also found that irhea the wall is sus- 
tained by the pressure of the earthy the weight of the equi- 
valent fluid is about six times the weight of the earthi 

Ex. 1. A Revetment wall 40 ft. high, and 10 ft. thick, 
sustains the pressure of earth of mean quality, having the 
weight of a oabic foot equal to 100 lbs., it is required to 

G 
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determine whether or not the wall will standi taking the 
weight of a cubic foot to be 120 lbs* 

Here, wt c fL of the equivalent fluid = 100 x *1716 lbs. 

Pressure of the earth = 40xlxVxl00x -1716 = 
13728. 

Moment of the earth = 13728 x V = 183040. 

Moment of the wall = 40 x 10 x 1 x 120 x ^ = 240000. 
Hence the wall will stand. 

Ex. 2. Required the same as in the last example, when 
the thickness of the wall is 8 ft. Ans, It will falL 

Bx. 3. Required the thickness of the waU, in Ex. 1., so 
that it may be upon the point of oyertuming. 
Let X be put for the thickness, then we have, 

Moment of the wall = 40x 1 xo; x 120x| = 2400 a;^. 

Now when the wall is upon the point of overturning, the 
moment of the wall, must be equal to the moment of the 
pressure of the earth. 

.•. 2400 a?« = 183040 : anda:=8-7ft. 

Ex. 4. The embankment, in Ex. 1. Art 78. is supported 
bj earth, of mean quality, 3 ft. in height, and level at the 
top ; will the embankment stand, when the weight of a cubie 
ft. of the earth is 120 lbs. ? 

Here, wt of equivalent fluid ss 120 x 6 = 720 lbs. 

.*. Moment of the earths 3xlx|x720x$ = 324a 

This result being added to the moment of the wall, will ^ve a 
quantity greater than the moment of the water ; —the em« 
bankment, therefore, will stand. 

In the preceding examples, the earth is supposed to be 
level at the top, but when the earth has its natural slope, a 
similar method of calculation will apply. When the wall 
resists the pressure of the earth, we must take |- of the weigbt 
of the earth, for the weight of the equivalent fluid ; and on 
the contrary, when the eardi resists the pressure of the wall 
we must take ( the weight of &e earth for the weight of 
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the equivalent fluid. See Art. 324. and 328. of Moseley's 
Engineering. 

Efc, 5, Required the same as in Ex. L, when the earth has 
its natural slope, and the thickness of the wall is 8 ft. 
Here, the wt. of a c. ft. of the equivalent fluids 100 x \ lbs. 

/. Moment of the earth = 40 xlx^xlOOxixV 
= 133333. 

Moment of the wall = 153600. 

Hence it follows that the wall will stand. 

£x. 6. A Bevetaient wall is 30 ft. high and 6 ft. thick. 
On one side of it earth of mean quality is sustained level with 
the top, and on the other side, the earth has its natural 
slope, and rises to the height of 5 ft. ; will the wall stand or 
fall, supposing that the wdght of a cubic foot of the earth to 
be 120 lbs., and that of the wall 130 lbs. ? 

in ihis case, the moment of the earth, which rises to the 
level of the waH, is opposed hj the sum of the moments of 
the wall, and the earth having a natural slope- 
Weight of the waU = 23400 lbs. 

/. Moment of the wall, ^ 23400 X f = 70200. 

Wt. of a c. ft. of the equivalent fluids with respect to 
the sloping earth ^ 120 x ^ ;= 60 lbs. 

Pressure of this earth == 5 x 1 x f x 60 = 7501bs. 

Moment „ s 750 x f = 1250. 

Total moments sustaining th^ wall = 70200 + 1250 = 
71450. 

Preceding as in Ex. 1., we have, 

Moment of the l^vel earth x= 92664* 

As the latter moment is greater than the sum of the two 
former, we conclude that the structure will falL 

Ex, 7. Required the same as in the last example, when 
the height of the wall is 24 ft. A^s. It will stand. 

Ex. 8. What must be the thickness of the wall in Ex. 6. 
when the wall is upou Uie point of being overturned ? 

Ans. 68 ft 

a 2 
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Ex. 9. What must be the height of the sloping earth in 
£z. 6. when the wall is upon the point of being overtijrned ? 

Ans. ia/4. 
Floating Bodies, — Specific Crravity. 

82. When a body floats it is sustained by the upward 
pressure of the fluid ; and as there is an equilibrium of pres- 
sures, the upward pressure must be equal to the gravity of 
the floating body. But this upward pressure would just 
support a volume of fluid equal to that which is displaced, 
therefore the weight of the floating body must be equal to 
the weight of the displaced fluid. 

Hence it also follows, that if a heavy body be weighed in 
water, the weight which is lost will be equal to the weight of 
water having the same bulk or volume as the body. In this 
way we are enabled to find the specific gravity of a body, or 
its weight as compared with the weight of an equal bulk of 
water. As the weight of a cubic foot of water is just 1000 oz., 
it is customary to consider the specific gravity of a body as 
the weight of a cubic foot of it The table given in Art. 92., 
contains the weight of a cubic foot of various kinds of ma- 
terial used in construction. 

Ex, 1. A barge (supposed for the sake of simplicity to be 
of A rectangular shape) is 10 ft. long, 5 ft. broad, and 4 ft. 
deep, outside measure. The thickness of the planking is 2 
inches, and the weight of a cubic foot of the timber is 50 lbs. 
To what depth will the barge sink when loaded with 4 
tons? 

Content of the exterior solid = 10 x 5 x 4 = 200. 

„ interior „ = 9| x 4| x 3f ss 172-92. 

.•. Timber in the barge = 200-172*92 = 2707 c. ft. 

Wt. Timber ip the barge = 27-07 x 50 = 1353 lbs. 

Wt. displaced water = 10 x 5 x depth x 62*5 = 3125 x 
depth. 

.\ 3125 X depths 1353 + 4 x 2240 ; and depth = 3-3 ft 

Ex. 2. Required the same as in the last example, when 
the thickness of the planking is 3 in. Ans. 3-5 fi. 
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Ex. 3. Wliat load will just sink the barge in Ex. 1. ? 

Ans. 4*9 Urns, 

Ex. 4. What load wilk sink the barge in Ex. 1. to the 

depth of 3 ft. ? Am. 3*58 Urns. 

Ex, 5. . How far will the barge in.Ex. i. sink when empty? 

Ans. '^33 fL 
Ex. 6. A body weighs 49 grains in air, and 42 grains 

in water; required the weight of a cubic foot of the sub* 

stance. 

Here the loss of weight = 49 — 42 = 7 gr. 

Now this loss is the weight of water having the same bulk 
as the body. 

•*• No. times the body is heavier than water =s Y = '^* 
. But the weight of a c ft. of water is 1000 oz. 

.-. Weight 1 c. ft. of the body = 7 times 1000 oz. = 7000 
ounces. 

Ex, 7. Required the specific gravity of a body which 
weighs 36 gr. in air and 28 gr. in water. Ans, 4500. 

Ex. 8. A c. ft. of timber sinks 9 in. in water ; required the 
specific gravity of the substance. 

Here the weight of the displaced fluid will be the weight 
of a cubic foot of the timber. 

.% Specific gravity = 1 x 1 x -^ x 1000 = 750. 

Ex, 9. Required the weight of a mass of brick work 8 ft. 
long, 1*5 ft. thick, and 10ft. high; the specific gravity of 
brick being 2000. 
' No. c. ft. of brick =8 x 1-5 x 10 = 120. 

Weight 1 c ft. = 2000 oz. 

„ 120 „ = 120 times 2000 oz. = 15000 lbs. 

Ex. 10. Required the number of c. ft;, of brick work 

necessary to weigh 2 tons. Ans. 35*84. 

Ec. H. How many c ft. of water will it take to weigh 

375 lbs. ? Ans, 6. 

Ex. 12. A solid whose weight is 60 gr., weighs 40 gr. in 

water, and 30 gr. in sulphuric acid ; required the specific 

gravity of the acid. 

^ 3 
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Weight lost in waters 60 — 40 =s 20 gr. 
„ „ acid = 60 — 30 =s SO gr. 

/• No. times that the add is heaTier than wat^ ^ %% 
= lf 

/• Specific gravity add tss 1^ timei 1000 a: 1500. 

Ex. 13. A piece of metal weighing 36 Ihs. in air, and 
32 lbs. in water, is attached to a piece of wood whose weight 
iB 30 lbs., and then the compound mass is fcmnd to weigh 
12 lbs. in water ; required the specific gravity of the wood. 

Wt. water equal in bulk to the metal == 36 — 32 ^ 4 lbs. 

Wt. water equal in bulk to the compound =ss 36 -f 30 — 12 
= 54 lbs. 

Wt. water equal in bulk to the wood =±=54 — 4^ 50 lbs. 

But the weight of the wood is 30 lbs., that is bulk for 
bulk, the wood will be 3 times the 5th of the weight of the 
water. 

/. Specific gravity wood = f of lOOO =£ 600. 

Limiting angle of resistance. 

S3. Let W be a material particle 
acted upon by a pressure, P, in the 
direction of and equal in magnitude 
to P W. Complete the rectangle, 
A C, then, by Art. 66., C W will be 
the pressure upon the plane, and A 
W Ihat part of the force, P, which 
tends to give motion to the particle along the plane. Put a 
for the angle P W C, then we have. 

Pressure on the plane = C W = P w« a. 
•*• Resistance of friction =/P cos a. 

Effective pressure tending to move the partide in opposi- 
tion to friction = A W = P sin a. 

Motion will or will not take place, according as this pres- 
sure is greater or less than the resistance of friction ; and 
when motion is upon the point of taking place, the one mafll 
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be equal to Uie other, and then the angle a ia called the limit- 
ing angle of resistance ; in this caae, therefore, we have, 

.•,/«« ^^= tan o. 

1^ resah shows that the coeffldent of friction is equal to 
the tangent of the limiting angle of resistance. If the 
pressnre P be applied within this angle, then no motion can 
take place, howerer great that preseore rohy be ; and on the 
contrary, if the pressnre be applied without this angle, then 
motion will take place, however small that pressure may be. 
Professor Moseley makes this property the basis of his theory 
of machines. 

JSx. 1. If the coefBcient of friction be '7, what is the 
limiting angle of resbtance? Ant. 3S°. 

Ex. 2. WiU die foot of the Udder, ia Ex. 5. Art. 6a., 
slip supposing the angle of friction to be 36°. 

Am. It will not slip. 

jE^wUfirtuH o^ the U*9r, and the wheel and tuck, taJUng the 
frietion upon the axii mlo aecoitnt. 

84. LetPOQbealever 
having the circular axis 
C T, turning within a cir- 
cular socket. In order that 
motion should take place 
in the direction of the 
pressure P, the resultant 
of the two pressures, Pand 

Q^ must fall on the left side of the centre O of the axi^ and, 
by Art. 83., tilts resultant, C T, must be inclined to T, at 
the limiting angle of resistance. Taking T, therefore, as the 
centre of motion, we have by the equaUtj of moments for the 
state bordering on motion, PxPI = QxQL 
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MicA. LetP0 = 14in., Q0==:12ia., 0T=:3iil,P = 
1 lb., and angle O T I = SO*'. 
Here OI = ««30^ X 3=1; PI = 14-f =y ; QI 

= 12 + f= V. 

.-. 1 X V = Q X V» «i«i Q = •^2- 1^- 

JEx. 2. Required the same as in the last example, when 
angle O TI »= 40**. Ans. -86 lbs. 

JS:a?. 3. Let P = 15, Q O = 8, T = 2, P = 2 Ibs^ 
and the limiting angle of resistance = 35**. Ans» Q == SUfS, 

Ex. 4. Required the same as in Ex. 1., when the angle which 
the pressure P makes with the lever is 30°, and that of the 
Q is 35°. 

Construction, Produce the pressures until they intersect in 
a point which we shall caU C, and join the points C and O. 
Now we have to draw the resultant of the forces P and Q^ so 
as to make the angle O T C=30° ; for this purpose, describe 
a circle upon the chord C O, so as to contain the vertical 
angle = 30°. Let this circle intersect the circumference 
of the axis in the point T, join T and C, on the line C P take 
off a space equal to the units in the pressure P, then construct 
the parallelogram of pressures, and the units in the side Ijing 
on the line C Q will give the pressure Q = *8 lbs. 

Ex» 5. Required the same as in the last example, when the 
limiting angle of resistance is 35°. Ans, Q = *77 lbs, 

8A. Let O P be the radius of a wheel, and O Q the radius 
of an axle ; put W for the weight of the wheel and axle, then 
as this weight acts through the centre O, we have, 

PxPI = QxQI+WxOl. 
I Ex, 1. The radius of the wheel is 24 in., the axle 3 in., and 
the axis 1 inch ; required Q, when the power applied to the 
wheel is 60 lbs., the weight of the wheel and axle 40 lbs., and 
the limiting angle of resistance 30°. 

HereOI = i; P 1 = 24- J=r 23J; QI=3+^=:3^; 
P = 60 lbs. ; and W s 40 lbs. 

.% 60x23^ =:Qx3^+40x^; hence Q = 397 lbs. 

Ex, 2. Required the same as in the last example, when the 
limiting angle of resistance is 35^ Ans, 386 lbs. 
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To determine generalfy the farce of Traction, 

06. Let W (see fig. Art 83.) be a heavy bodjdrawn.aloDg 
the horizontal phme A W, by the force of the tractionPy acting 
in the direction and with the magnitude W P. This force 
may be resohred into W A and W C, the former force just 
overcomes the resistance of friction, the Utter tends to reduce 
the pressure of the body on the plane; hence we have, putting 
6 for the angle PW A, 

Pressure W on the phme = W — F sinb. 

/• Resistance of friction ss:/(W — - P sin b.) 

But when motion is about to take phice, this resistance is 
equal to the force W A or P cm 6. 

.\Tco8b =/ (W— P sin b.) 






• • 



Precisely in the same way the traction may be found when 
the body is moved upon an inclined plane. 

Ex, 1 . A stone weighing 2 cwts. is drawn along a horizontal 
plane, by a cord inclined at an angle of 35° ; required the 
force necessary to move the stone supposing the coefficient of 
friction to be '7. Am. By substituting the given quantities 
in the formula (1), we find P = 1*14 cwts. 

Ex, 2. Required the same as in the last example, when the 
angle is 40°. Ans, 1*19 cwts. 

To find the least Traction, 

^ 87. For/ substitute its value given in Art 83., then by an 
easy reduction, we find, 

T> W tin a ^|v 

Now P will be the least possible when the denominator of 
this expression is the greatest possible^ which will obviously 
obtain when b^^a s 0, or a = 6, that is, when the angle of 

o 5 
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tractton is equal to the limiting angle of resistance. In iihis 
case, therefore, we have, TssW sina ... (2). 

£x. 1. Required the least traction in Ex. 1. Art 86^, taking 
a = 40^ 

Here by eq. (2^ P s 2 x -6427 == 1*285 cwts. 

Ex. 2. Required the least traction, when the weight of the 
mass is 9 cwts^ and the rubbing sur&ces are soft calcareous 
stone upon the same, giving 36^ W for the limiting angle of 
resistance. Ans. 5*35 cwtg. 

ProptmtUm. 

88. If a heavy body be moved upon a rubbing surfkce, lying 
between two given points, by a pressure acting parallel to the 
surface, the work is always the same whatever may be the 
form of the surface. 

Let W (see fig. page 77.,) be a body moved on the plane 
A G, then by the resolution of pressures. 

The pressure of W on the plane = W cm A. 

.% Resistance of friction :^fWcosA. 

/. Total work on the plane A C s::fWcos A x AC+'WT 

xCB.=/WxAB+WxCB. 

Now this expression is independent of the inclmoHon of the 
planey it being, in fact, the work expended in moving the body 
over the horizontal distance A B, added to the woric due to 
gravity in elevating the body the vertical space B C. A$ a 
curved surface maybe regarded as being made up of aninfinite 
number of straight planes, thereforo the work upon the whole 
curve will be equal to the work done upon the horizontal pro- 
jection of the curve, added to the work done in opposition to 
gravity. When the body descends t]^e surface, the work of 
gravity becomes minus. This total work is obviously, inde- 
pendent of th^ nature of the curve. In general it may be 
shown, that w}iatever maybe the sigsag course pursued by 
the body, the work will ahrays be equal to the work on the 
projection of this curve added to the work due to gravity. 



TluB property is m ezimple of wiAt the suUm propoaes^to 
call, the principle of the conserrUioi) of work. 

OAMervMthm. When the incbiMtioD of the pUne is small, 
the horiaontol distance ma; be taken equal to the length «f 
the plane. See Art. 11. 

£ts. 1. What woi^ would a hone perform in drawing a load 
of 1 ton to the ioraoiUal distance of ^ mile, up a cmred 
incline whose total elerataon is 200 ft., the coefficient of the 
fiictioD of the road being ^, 

Work on the horizontal lino = -^^ X —^. 

Woil dne to gravity = 2240x20a 

.-. Total work = H7840+448000 = 595840. 

£x. 2. Beqoired the work, when the elevation is 80 ft., and 
tke coefficient of friction ■^, Am. 425600. 

Ex. 3. Beqoired the work in the last example, when the 
body is drawn down the sorface. Atu. 67200. 

8S. If the bod; W be upon tlie point of descending the 
plane by the force of gravity alone, then, the work necessary 
to move the body is nothing, and in this case we have, 

/WxAB~WxCB = 0i whence/ = ftH» A, 

This result is the same as that obtained in Art 83. 

ParaUelogram i^pretturei proved oh tkeprineij^ of work. 
'■ 9a Let A C and B D be two incUned planes intersecting 
each other at right angles in the point W. Let a body W 
be placed between the two planes; then the force with which 
the body tends to descend the plane D B, 
wilt be eqnal to the pressure which it 
exerts upon the plane C A ; and the ten- 
dency to descend the plane C A will be 
equal to the pressure exerted on the plane 
D B. Let a vertical line W H be drawn 
through the body, and take W H equal to the units of weight 
in W ; &om H let fall H S perpendicular to the pUne A C, 
and H T perpendicular to the plane B D, then putting A and 
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B for the inclinntioiia of tlie pUnes A C and B D, w« biYS, 
hj trigonometT7, ; 

W S = W tin A= (Jaj Art 41.) tendency down the plui« 
AC. 

Similarly W Y = tendency down the plane B D. 

Now these forces, W S aad W T, are generated by the 
gravity of the body, or a force represented by the diagttnd 
WH. Therefore, 8(C. HavingthufleatabllBhedtheprc^sitioa 
for the cue of the rectangle, it may be very readily extended 
to the general form of the parallelogram. 



EguUibrittM t^tke Arck. 

~^ tL When the 

centres of an arch 
are taken away, the 
crown almost inva- 
riably sinks I this 
occasions the joint 
at the crown to open 
at its lower edge, 
and at the sametiroe 
a certiun portion. 
D V P N, of the 
arch to turn upon D as a centre, thereby prodndng a.mp- 
ture, or opening, in the esterior edge at this point The 
same effect will take place in the other half of the arch. 
These two equal portions which thus tend to break away 
from the general mass, exert a horisontal pressure along the 
line F C, thereby tending to cause the walls of the sbrncture 
to turn OD their outer edges. The arch will undergo a 
rupture at that point where the portion, D V P N, bo 
breaking away, will produce the greatest horizontal thrust ; 
for this point must^ obviously, be the yielding part of the 
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* To fiad the point of mptuie* Let B G be a vertical line, 
passing through the centre of grayity of the mass D P, and 
intersecting P C in the point B ; join the points B and D, 
take B O eqnal to the units of weight in the mass D P, and 
construct the rectangle O C, then the units in B C will be 
the horizontal thrust, if it be greater than any other so 
determined, and the point D will be the point of rupture^ 
This method is due to Professor Moseley. M. 6. Lame 
and £. Cli^)e7ron found that the resultant D B forms a 
tangent to the intrados of the arch, when the line of rupture 
is assumed to follow the vertical line D Y. This elegant 
property gives a very easy method for finding the point of 
rupture ; for if upon constructing the figure, as already de- 
scribed, it is found that B D touches the curve, then D will 
be the point of rupture. The most troublesome part of this 
calculation, consists in finding the centre of gravity of the 
mass D Y P N. This has hitherto been done by dividing 
the arch into a series of small parts, finding the centre of 
gravity of each part by construction, and then by equating 
the sum of the moments of the parts, with the moment of 
the whole. The calculation thus conducted is exceedingly 
operose. To shorten this labour the author has given the 
flowing theorem. 

Theorem. If D Q be divided into n equal parts, and lines 
be drawn from the points of division perpendicular to I> Q, 
cutting the intrados and extrados ; let X and Y be put for 
D V and N P, the extreme ordinates respectively, and 
A, B, C, &c., for the first, second, third, &c. intermediate 
ordinates, or vertical distances between the intrados and 
extrados, than putting d for the common distance between 
the ordinates, 

. DG = rf {X+(3n-l)Y+6(A+2B + 3C + &c)} ^ 
3{X+T+2(A+B + C+&c.)} 

Cor. If that part of the divisor which is within the 
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brackets be multiplied by - it will give the area of D V P N. 

Haying ascertained the horizontal thrust^ B C^ we must 
now find the centre of gravity of the whole mass, including 
the semi-arch X P N H, with its load if any, and the pier 
H X ; then supposing the pier to turn upon its outer edge, 
if the moment of this mass exceeds the moment of the hori- 
zontal thrust, the structure will stand, and vice versa. See 
Art 71. 

Ex. 1. The radius of a. semi-circular arch is 11 ft^, the 
thickness at the crown 18 in. ; the mason work is built level 
with the crown, and the weight of a cubic foot of the material 
is 120 lbs ; required the point of rupture, and the horizontal 
thrust, taking 1 foot length of the arch. Ans, 65^ from 

the crown ; and thrust 1900 lbs. nearly. 

Here constructing the figure on the scale of an inch to the 
foot, and dividing D Q into 6 equal parts, we find X 3= 7*8, 
A = 5-4, B = 3-8, C = 2-8, D = 2, E= 1-6, Y = 1-5, and 
ti = 6, if = ^ Then by the formula, we readily find D G 
= 3-53 ft., and weight D V P N = 4000 lbs. Take B 0= 
4000 lbs., and construct the paralldogram O C, then B C = 
1900 lbs. nearly ; and as B D forms a tangent to the curve, 
the point D will be the point of rupture. 

Ex. 2. If the piers in the last example be 4 ft. thick, and 
their height 28*5 ft. measured to the level of the crown } 
will they stand or fall ? 

Here the weight of the whole semi-arch =s 5100 lbs. ** 

The distance of its centre of gravity firom the outer edge 
of the pier = 7*6 ft. Weight of the whole pier = 4 x 1 x 
28-5 X 120 = 13680 lbs. Hence, we find, moment of the 
pier =s 13680 x 2 ; moment of the whole semi-arch = 5100 
X 7*6 ; and moment of the horizontal thrust = 1900 x 28*5. 
The sum of the two first moments being greater than the 
moment of the thrust, it follows that the pier will stand. 
This may also be verified by construction. 

Ex. 3. If the pier be 3 ft. thick, will the structure stand ? 

Ans. It will fall 
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Ex, 4. What must be the thickness of the pier, so that it 
raaj be apon the point of overtuming ? Ans, Z'ZfL 

Ex, 5. In a semi-circular arch the radios of the intrados 
is 8, that of the extrados 9*5 ft, and the thickness at the 
crown is 9 inches ; required the point of mptore. 

An». 58^ from the crown. 
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M. When the fibres of a beam are strained beyond the 
Umit of cohesion they are permanently separated from each 
other> and then the beam undergoes what is called rupture. 
A beam may be subject to four kinds of strain. Ist, Its 
fibres may be torn asunder. Bopes, king-posts, and tie- 
beams, are exposed to this kind of strain. 2nd, It may be 
crushed, drd, It may be broken across, or transyersely, as 
in the case of joists and beams supporting mason work. 
4th. It may be twisted, as in the axles of wheels. 

TahU of the Strei^ftk cf Material, 



Name of the Material. 


Specific Gravitj 

or wt. 1 c. It* 

Id 01. 


TenadtjrTper 
iq.lB.tnUM. 


Modulus 
of Rupture 8. 


Ash ... 
Beech . • • 
Brass (cast) 

Deal ( Chiistiania middle) 
Da Memel middle 
Fir (New England) - 
Do. Biga ... 
Iron (wrought, Eng.) 
Da in wire ^f^ in. diam. 
Do. Rusuan ^ in. diam. 
Iron, cast (carron, No.2, 

cold blast) • 
Oak, English - 
Taak - • - 


760 

690 
8S99 

698 

590 

55d 

753 

7700 

... 

... 

7066 
dS4 
657 


17207 * 
17850 
17968 
12400 

1S489 

12857 

254 tons 

S6 tons 

60 tons 

16688 
10653 
15000 


12156 
9336 

9864 

10386 

6612 

7572 

38556 
10032 
14772 



Rope (hempen) 1 sq. inch in the section will, on an averagei sustain 
6400 lbs. ; and 1 foot of this rope weighs '578 lbs., or 1 inch m circum- 
ference 046 lbs. 
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93. Pbob. To find the weight, W, necessary to tear 
asunder the fibres of a bar, cord, or chain, the strain being 
in the direction of the fibres. 

The weights whic^i beams of the same kind will carry,' in 
this manner, will obviously be in the ratio of their sections : 
thus, if a beam of teak 1 sq. in. in the section just breaks 
with a load of 15000 lbs., a beam 2 sq. in. in the section will 
just break with a load of 2 times 15000 lbs. or 30000 lbs., 
and so on. . Hence we have the following rule. 

Bute. Multiply the area of the section in inches by the 
tenacity, T, in the table. That is, putting K for the area in 
inches, W = K x T. 

Note. The material may be safely loaded with ^ the 
weight calculated to produce rupture. 

Ex. 1. What weight will it take to tear asunder a piece of 
New England fir, 2 in. by 8 in. in the section ? 

Here, area section == 2 x 8 = 16 sq. in. 

By the table we find, 

The weight supported by 1 sq. in. =s 13489 lbs. 

„ „ 16 sq. in. = 16times 13489= 

215824 lbs. 

Ex. 2. What weight will it take to tear asunder a square, 
piece of ash 8 inches in the side ? Ans, 154863 lbs, 

Ex. 3. What weight will it require to tear asunder a 
round rod of English wrought iron 1*25 in. in diameter ? 

Here, area of the section = 1*25^ x *7854 sq. in. 

.-. W = l-25« x -7854 x 255 = 31-293 tons. 

Ex. 4. The side of a square rod of English wrought iron 
is i in. what strain will it sustain ? Ans. 6| ions. 

Ex. 5. What weight will a rope 1^ in. in diameter sus- 
tain ? ' ' Ans. 7854. lbs. 

Ex. 6» What must be the side of a square rod of New ^ 
England fir in order to sustain 10 tons ? 

Let X =s the side in inches, then x^ = the area of the 
section, 

/. Wt. in lbs. to produce rupture = 13489 x a; *. 
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Bot by the question this weight is 10 tons, or 22400 lbs. 
A 13489 x^ =1 22400 ; and .*. x = 1*288 inches. 

JSx. 7. What most be the breadth of a piece of teak, 
whose thickness is 2 in. to sustain a weight of 30 tons ? 

Ans. 2-24 in. 

Ex. 8. What most be the diameter of a round rod of 
English wrought iron to sustain 50 tons? Ans. 1*58 in. 

Ex. 9. What most be the diameter of a rope to carry a 
weight of 8 tons ? Ant. 1*88 in* 

Ex. 10. What must be the weight necessary to break a 
rod of English wrought iron 1^ sq. in. section, and 30 fL 
long, taking the weight of the rod into account? 

Here, wt rod = Ux30x7700 ^ ^^3^ j^ 

Total weight which the rod will sustain = 1^ x 25*5 tons 
=r 85680 lbs. 

.-. W + 150*39 = 85680; .-. W= 85529*6 lbs. 

Ex. 11. What weight of coals will a rope f in. diameter 
raise from a pit 200 fathoms in depth, taking the weight of 
the rope into account? Ant. 2521 l&r. 

Ex. 12. At what depth will the rope in the last escample 
sustain a weight of 1^ tons ? Ans. \(f!'6fi. 

Ex. 13. What must be the length of a rod of English 
wrought iron so as to break with its o¥m weight? 

Ans. 17091 /#. 

Relative transverse Strength of Beams. 

94. A beam AB is fixed with 
one end B in a wall, and loaded WI 
with a weight W at the extremity | 



A ; it is required to determine the A C B 
stress of W or its tendency to 
break the beam. 

The beam will evidently turn upon the point where it 
breaks as a fulcrum or centre of motion. Let a, therefore, 
be the distance of W from this axis, then a will be the 
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leverage of W, and consequently W x a will be the moment 
of Wy or its effitsacj to break the beam. Now it will ob- 
viously break at a point where Wx a is greatest, but this 
will take place when a is greatest) that is, the beam will 
break close to the wall, therefore WxAB expresses the 
tendency of W to break tiie beam. 

9B, To determine the stress on prqjecting beam AB 
loaded uniformly with the weight W. 

In this case the whole weight will be collected in its centre 
of gravity or middle point O ; hence the stress or tendency 
to break the beam at B will be expressed by W x CB = 
^ W x A B, that is, it wiH be one half of what it would be 
if the whole load W were placed at the extremity A. 

96. A beam A B rests loosely on 
two props at A and B, and is loaded in -^ |9 ? 



the middle C with a given weight W ; t 

it is required to determine the stress ^ W A 

at C. 

The beam will evidently break at C where the weight is 
api^ied. Then since the props carry equal portions of 
the weight, the pressure on B will be ^ W, But as the 
beam turns upon the rupture at C, the leverage of this pres- 
sure, tending to move the extremity B upwards, is B C» 
therefore the moment of this pressure, or its efficacy to break 
the beam =:^WxBC = ^Wx AB, that is the stress is 
one fourth of that which would be produced if W were ap- 
plied at the extremity A, supposing the beam to have no 
support at this poiiit. 

97. To determine the stress when the beam is loaded 
uniformly and rests loosely upon two props. 

Here the rupture will obvioudy take place in the middle, 
C, of the beam. As fracture takes place at C, the mass 
over A C (= ^ W), acting in its centre of gravity, will tend 
to turn upon A as a centre, and therefore, upon the princi- 
ple of the lever, the pressure it will produce at C will be 
^ W ; in like manner the mass C B will also produce at C . 
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• preMnre of | W ; and therefore the whole preBanre, pro- 
dncing rupture at C, will be i Mf + ^W ^^Yf, that ii^ 
in the present case, the beam will cany double the load that 
it would cony if the weight were {daced in dte middle. 

Neutral Axit of Ritpttire. 

98. When a beam is bent by a weight placed upon it, the 
fibres nearest to the weight are compretud, while those oa 
tiie opposite side are extended. Kow it is clear that diere 
must be a certain line, in the section of rn^tui^ where the 
fibres neither nndergo compresaion nor extension — this 
line is called the tuutr^it axis. If a piece <tf timber be cut 
on its compressed side) with a very fine saw, about one half 
through, that is as far as its neutral axis, then it will be 
found that the sti-eDgth of the beam is not at all impaired. 
By this means the neutral axis in any beam may be deter- 
mined e^ierimentally. 

In the following investigaticms we sluiil asaome that the 
resiBtanca of any fibre to compressioa is equal to its reos- 



Let n be neutral axis of a beam under- 
going fracture by die pressure P; then 
the fibres in the part n e z will be extended, 
while those in the port ner will be com- 
pressed. But as the resistance of exten- 
sion of any fibre throi^h any given space 
is supposed to be equal to the resistance of 
compression of an equal fibre through the same space, it ia 
obTions that t^ number of fibres in the triangular space 
ncz, resisting extension, will be equal to those in the trian- 
gnlar space ner, relating compression ; hence it follows 
that the line r e will bisect the line e z, and the neutral axis 
n will coincide with the centre of gravity of the section. 
If the elasticity of extension be greater than that of com- 
pression, then the number of fibres in n e r will be greater 
tluiQ tike number in n e 2, and therefore the neutral asis n, in 
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this case, will fiill aboTe the centre of graYitj of the eectioH 
of the beam ; and so on conyersely. 

Transverse Besisianee ef a Beam to Fracture. 

99. The strength of a beam depends npon the resistance 
of its fibres to extension on one side of the neutral axis, and 
their resistance to compression on the other. These forces 
tend to turn the line z e^ a lever, on the axis fi, in the same 
direction, so that -they co-operate in resisting the pressure P, 
applied to fracture the beam. Now, from the law of elasti- 
city, the resistance of any fibre to extension or compression, 
as the . case may be, is presumed to be in the ratio of its 
extension or compression. If, therefore, the units in c 2; be 
taken for the elastic force of the fibre one inch broad at that 
place, then the extension opoi any other fibre will measure 
its resistance ; but this resistance acts with the leverage o ft, 
therefore the moment of the resistance will be expressed by 
opxony and the same thing will hold true with respect to 
any other fibre. Now the sum of all these moments will be 
the moment of the whole resistance to extension, the beam 
being 1 inch broad ; but this sum is obviously equal to the 
area of the triangle n e z multiplied by the distance of its 
centre of gravity from n, that is, area nc zx^ne. But this 
will also be the resistance of compression in the triangle ner, 
so that the moment of the resistance to rupture will be 
expressed by 2 area n e zx^nc. 

Putting s for c z^ the resistance in lbs. opposed to the 
rupture of each square inch of the section at c ; ^ for the 
breadth of the beam in inches ; and d for the depth c r, then 
substituting these quantities in the foregoihg expression, we 
have. 

Moment of resistance for 1 in. broad = ^-^ 
M „ mches = —^— 

o 

If a be put for the perpendicular distance at which P acts 
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from the point of rupture, then P. a will express the moment 
of the pressure P. Now these moments are equal when 
rupture takes place. 

• • ^- * = -6-' ^^ • • ^ = "6^ - (^•) 

In this equation P is the pressure in lbs. acting at the extre- 
mity A of a beam A B, whose length is a (See fig. to Art. 

In the preceding investigation the elasticity of extension 
is assumed to be equal to the elasticity of compression. Now 
in timber the former is greater than the latter, whereas in 
metab the reyerse is the case. Moreover the outside fibres 
of the beam attain their limit of elasticity before the fibres 
lying nearer to the neutral axis. Hence it is found that the 
s in this formula does not correctly represent the tenaci^ of 
a sq. in. of material However it has been determined by 
experiment, that the strength of beams of the same material, 
varies as ike breadth muUipUed by the square of the depth 
divided by the lengthy and that the quantity s^ called the 
modulus of rupture* is a constant for beams of the same mate- 
rial 

Collecting these results, we find the following rules for 
calculating the ultimate transverse strength of beams. 

Rides for finding the Ultimate Transverse Strength 

of Beams. 

XOO. In the following rules all the dimensions are supposed 
to be in inches. 

1. When the beam is loaded at one end and Axed at the 
other, as in fig. Art M., to find the weight necessary to 
produce rupture. 

Rule. Multiply the value of #, given in the table page 135. 
by the breadth and the square of the depth, and divide the 
product by 6 times the length, and the quotient will be the 

weight in lbs. That is, W = -*-|^ . 
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2. When the beam is loaded ttnifonnlj by maaon work, 
and fixed at one end. See Art. 95. 

Bule. Take twice the weight found by Bale 1. 

3. When the beam is supported at each end, and loaded in 
the middle. See Art. 96. 

Biile, Take 4 times the weight found by Bale 1. 

4. When the beam is supported at each end, and loaded 
uniformly. See Art. 97. 

Rule. Take 8 times the weight found by Bule 1. 

5. When the beam is fixed at each end, and loaded uni- 
formly. 

Rule, Take 12 times the weight found by Bule 1. 

Examples, 

1. What weight will it take to break a beam of English 
oak fixed at one end and loaded at the other, the breadth 
being 3 in., the depth 9 in., and the length 12 ft. ? 

Here the tabular number s = 10032, then by Bule 1., we 
haTe, 

^^io^k3x9:^ 2821-5 lbs. 

6 X 144 

2. Bequired the same as in the last example, when the 
beam is ash. Ans. 3418*8 lbs, 

3. Bequired the same as in Ex. 1., when the beam is 
beech, the breadth 2 in., the depth 6 in., and the length 8 ft. 

Ans. 1 167 lbs. 

4. What must be the depth of the beam in Ex. 1., so that 
it may break with a weight of 705 lbs. ? 

*j. 100S2x3x depth* ,,^- 
H«^ 6x144 = 705. 

From this equality we find, x = 4*5 in. nearly. 

5. What weight will it take to break a beam of Meme^ 
supported at the ends and loaded in the middle, the breadth 
being 6 in., the depth 12 in., and the length between the 
points of support 18 ft ? 

Here the tabu^ number s = 10386, therefore by Bule 3., 
we have, 
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^ ^ 4x^^x6x12]; ^ 27696 lbs. 

O X 18 X 12 

6. Bequired the same as in the List example, when the 
breadth is 3 in., the depth 6 in., and the length 9 fL 

Ans. 6924 lbs. 

7. Bequired the same as in Ex. 5., when the beam is 
English oak. Ans. 26752 lbs. 

8. What must be the depth of the beam, in £x. 5., so that 
it may just sustain a load of 30000 lbs.? Ans. 12*49 in. 

9. What weight of brick work, uniformly distributed 
throughout a beam of New England fir, projecting from a 
wall, will just break it, the length of the projecting part 
being 10 ft., the breadth 3 in., and the depth 6 in. ? 

Here s = 6612, and therefore, by Bule 2., we have, 

2x6612x8x6' ^ 

6x10x12 ii^ou «•«#•. 

10. Bequired the same as in the last example, when the 
beam is Memel timber. Ans. 3115*8 lbs. 

11. Bequired the same as in Ex. 9., when the beam is 
English oak, the length being 12 ft., the breadth 4 in., and 
the depth 9 in. Ans. 7524 lbs. 

12. A beam of ash is supported at each end, and loaded 
uniformly, the length of the beam, between the points, of 
support is 20 ft., the breadth 4 in., and the depth 9 in. 
What weight will break the beam? 

Here, by Bule 4., we have, 

W = ^""l^^ZVi^^' = 21880*8 lbs. 

13. Bequired the same as in the last example, when the 
beam is beech, the length = 18 ft., the breadth 6 in., and 
the depth 12 in. A$u. 49792. 

14. What must be the depth of the beam in Ex. 12., so 
that it may just sustain a load of 1000 lbs. £sr every foot in 
4&e length of the beam ? Ans. 8*6 tn. 

15. How far may the beam, in Ex. 9., project from the 
wall when the load is 400 lbs. for every foot of length in the 
beam ? Ans. 7*04/t 
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16. What most be the breadth of the beam in Ex. 12.) to 
sustain a load of 600 lbs. upon every foot of length. in the 
beam? Ans, 1-828 in. 

Form of Maximum Strength, 

lOL The strength of a beam, of a given section, very 
much depends upon the way in which its material is distri- 
buted with respect to the neutral axis. Thus, for example, 
the substance of a beam might be cut out from the part 
surrounding the neutral axis, without essentially impairing 
the strength ; for the fibres that are at the greatest distance 
from the neutral axis are those which have the greatest 
efficacy in resisting fracture. Thus a hollow cylinder is very 
much stronger than a solid one of the same section. 

A beam of cast metal, whose section has the form shown 
in the annexed figure, will be consi- ^ ^ 

derably stronger than the same mate- 
rial collected in a solid rectangle; for 
the material is here accumulated in the 
flanches D F and A B, where the re- 
sistance to fracture is most effectively * ^ 
exerted, that is, at the greatest dis- 
tance from the neutral axis C. If the beam resists compres- 
sion with the same force that it resists extension, the fianches 
A B and D F ought to be of the same size. But in the case 
of cast iron, the force resisting compression is more than 6 
times that resisting extension, and therefore in order that 
the beam may not give way by compression sooner than it 
gives way by extension, thejianek D F must be six times the 
size of the flanch A B. By constructing iron girders on this 
principle, there is a saving of about 25 per cent, of materiaL 
Mr. Hodgkinson gives the following rule for finding the 
weight necessary to break beams cast on this plan : ''Multi- 
ply the area of the section of the lower fianch by the depth 
of the beam, and divide the product by the distance between 
the two points on which the beam is supported ; this quotient 
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multiplied by 236, wlien the beams are cut erects and by 
514 when they are caat homootally, will give the breaking 
w«gbt in cwts." 

Fbob. Let a B F be a beam of 
nnifonn breadth i, projecting irom a I 
wall and undergoing a strain from ' 
a weight W suspended from tlie ex- 
tremityA; it is requiredto determine 
the form of the beam, so that it may , 
be equally strong in eveiy pare 

Here the tendency to rupture most be the same in every 
part, or in other words, the strength of any section D C must 
be a constant quantity. Let Q be this constant quantity, 
and put X = A C, and y = D C, then by Art. M^ the weight 
necessary to break the beam at D C = 'g^i 

'fry' i-\ a. 4 6Q 

.-. -^ = Q; and ,-. y» = ^. x. 

This equation givea the relation between all the lines A C 
and D C which can be drawn in the figure ; and the curve 
A D B BO expressed is a parabola. Hence the beet form for 
the great beam of a steam engine is that of a parabola. 

Similarly it may be shown that the form of greatest 
strength of a beam, resting upon two props and loaded equally, 
is that of an ellipse. 

EAH-WAT CUTTINGS AND EMBANKMENTS. 

102. In order that a railway cutting or embankment may 
stand the action of the weaUvr, and other causes which tend 
to di^ntegrate portions from the general mass, the sides 
must have an incIinatioD corresponding to the natural slope 
of the particular material. Thus when the material is soft 
clay, the sides must fall away about 2 feet for every foot in 
the vertical line, and then the slopes are said to he 2 to 1 ; 
for gravel the slopes may be about I^ to 1 ; for chalk about 
1 to 1 ; and for unstratified rock, the sides may be vertical, 
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Or to !• The vertical heights of a cutting are usually 
taken at 1 or 2 chains apart If we conceive vertical sec- 
tions to be made through the extreme edges of the rail, the 
solid will be divided into three parts, — the central portion 
will be a prism, and the slopes lying on each side will, in: 
general, have the form of a frustrum of a cone. The fol* 
lowing symmetrical formula for finding the content of a 
cutting, or embankment, is a usefhl modification of that 
given by Professor Moseley. 

Let g be the breadth of the rail ; a, 5, c, d, &c. the per-^ 
pendicular height&j taken at q feet apart ; and p to 1 the 
ratio of the slopes, then 

The content of the central part= ~^\ a +» +2 (6 + c -f rf 

+ &c., > ; where a and r are the extreme ordinates, and h 
+c+<f -h &c. are the intermediate ones. 
Content of the two slopes =?^| (a+6)H(*+c)2-f (e+ 

cO'^+ftc — (a ft+6 c+c rf+ &c.)| 

Ex, 1. Required the solid content of a cutting or embank-*^ 
ment, whose height, taken at 1 chain apart, are 6, 3, 4, 5, 7, 
and 2 feet ; the width of the rail 30 ft., and the slope 3 to L 

Ans. 67782 cfL 

Content of the central part = ^^^ J 6-f 2 +2 (3 +4+5 

+7).} 

Content of the slopes = ^^ | (6 + 3)» + (3 + 4)2 + (4 + 
5)2+(5 + 7)H(7+2)«-C6x3 + 3x4 + 4x5 + 5x7 + 7>c 



2).} 



Ex. 2. The heights taken at 2 chains apart, are 4, 5, 7, 3 
6, and feet ; the width of the rail is 32 ft., and the slopes 
are 3 to 1 ; required the content of the cutting. 

Ans. 143088 cfL 
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Ex. 3. Required the content of an embankment, whose 
heights, taken at 1 chain apart, are 0, 3, 9, 2; 1, and feet ; 
the width of the rail 30, and the slopes 2 to 1» 

Ans. 40128 eft. 

Ex, 4. Required the content of a cutting, whose heights, 
taken at 2 chains apart, are 9, 11, 12, 8, 22, and 6 ft. ; width 
pf the rail 30 ft., and slopes 1^ to 1. Ans. 370370 eft. 

, Ex, 5. The heights taken at 2 chains apart, are 5, 6, and 
4 ft., the width of the rail 30 ft., and the slopes 2 to 1 ; 
required the content. Ans. 56276 eft. 

Ex. 6. The heights taken at 2 chains apart, are 0, 10, 30, 
40, ft, the width of the rail 30 ft., and the slopes 4 to 1. 

Ans. 1496000 c. /If. 
. Ex. 7. If an engine transport the material in the last 
example to the mean distance of 5 miles with the speed of 10 
miles per hour with a full load of 400 c. ft., and returns with 
the empty waggons with the speed of 20 miles ; how many 
9ien of. each sort will it take to keep the engine at work, and 
what will be the cost of the excavation (exclusive of that of 
the engine) allowing each workman Ss. per day of 10 hours, 
and that the material requires 2 pickmen to 3 shovellers ? 
Ans. lOf shovellers, 7^ pickmen, and cost = ;£748. 

Ex. 8. Required the cost, &c., as in the last example, when 
the heights of the cutting taken at 1 chain apart, areO, 20, 
30, 60, 40, and ft., the width of the rail 30 ft., and the 
slopes 1 to 1. Ans. Content of the cutting := 688600 c. ft., 
and cost ::= £344. 6s. Od. 



B 8 
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EXAMPLES FOR PUPILS. 

The number prefixed to each set of examples refers to the 
article in the text, where the principle, inyolved in the 
questions^' is explained. 

2. 

1. Required the work in raising 7 lbs. to the height of 15 ft» 

Ans, 105. 

2. What work will it take to raise 3 cwts. to the height 
of 5 ft.? Ans. 1680. 

3. What work will it take to raise a cubic foot of water to 
the height of 36 ft. ? Ans. 2250. 

4. If the height be 24 ft., what will then be the work ? 

Ans. 1500. 

5. To what height must I raise 7 lbs. so as to perform 35 
units of work ? Ans. 5 ft. 

6. What work will it take to raise 6 ft. of water to the 
height of 8 ft. ? Ans. 3000, 

3. 

1. What must be the H. P. of an engine to pump 87 ft. of 
water per min., from the depth of 60 fathoms ? Ans, 59*3. 

2. If the depth be 25 fathoms, what will then be the H.P. ? 

Ans. 24-7. 

3. How many feet of water, will an engine of 50 H. P., 
arise per min., from a depth of 90 fathoms ? Ans. 48*8. 

4. If the H. P. be 10, how mauj feet of water will then be 
raised? Ans. 9-7. 

5. How many tons of coals will an engine of 3 H. P. raise 
per hour, from a pit whose depth is 120 fathoms ? Ans. 3*6. 

6. If the depth of the pit be 180 fathoms, how many tons 
of coals will then be raised ? Ar^. 2'4. 

7. What must be the H. P. of an engine in order to raise 
14 tons of coals per hour, from a pit, whose depth is 80 
fathoms? An^. 7-6, 

8. If the depth be 60 fathoms, what will then be the H. P. ? 

Ans. 5*7 
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9. From what depth, will an engine of 20 H. P. pump 
40 ft. of water per min. Ans, 44 fa. 

10. If the R. P. be 15, what will then be the depth ? 

Ans. 33 /a. 

1 1. In what time will an engine of 40 e£fectiye H. P. 
pomp 4000 ft. of water to mean height of 60 fathoms ? 

Ans, lA.8m. 

12. If the mean hdght be 15 fathoms, what will then be 
the time ? Ans, 17 min, 

13. A winding engine is observed to raise a tub of coals, 
weighing 4 cwts., in 4 min. from a pit whose depth is 80 
fathoms ; required the H. P. of the engine* Ans. 1*6. 

14. If the depth be 100 fathoms^ what will then be the 
H.P.? Ans. 2. 



1. How many sacks of flour, each weighing 2^ cwts., wiU 
a man carry on his back, in a day of 6 hours, to the height 
of 30 ft. ? Ans. 48. See table, page 9. 

2. If the height be 25 ft., how many sacks will he then 
carry ? Ans. 58 nearly. 

3. In what time will a labourer throw 1692 c ft of earth, 
to the mean height of 5 ft., allowing 100 lbs. for the weight 
of each cubic foot ? Ans. 3 days, 

4. If there are 5076 c. ft. of earth, what will then be the 
time ? Ans. 9 days. 

5. How many tons of coals will a man, turning a handle 
as in the windlass, raise in a day of 8 hours, from a pit whose 
depth is 20 fathoms ? Ans, 4*6. 

6. If the depth of the pit be 28 fathoms, how many tons 
will he then raise ? Ans, 3*3. 

7. If the man, in Ex. 5., works with a cord and pulley, how 
many tons will he then raise ? Ans. 2*09. 

8. In what time will a man pump 400 c. ft. of water to the 
mean height of 30 fL, allowing that he can perform, in this 
case, 2600 units of work per min. ? Atu. 4 h. 4^min. 

H s 
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9. If the mean height be 10 ft., what time will he then 
take ? Ans, 1 h. 36. min, 

10* How many feet of water will the man, in £x. 8., 
pump in a day of 8 hours from the depth of 20 fathoms ? 

Ans. 166-4. 

1 1. A ram weighs 5 cwts. and has a mean faU of 12 ft, how 
many strokes will 2 men, working with a handle, give to the 
ram in a day of 8 hours ? Ans, 371-4. 

. 12. If the mean height of the fall be 16 ft, how many 
strokes will then be given ? Ans* 278*5. 

7. 

1. What pressure would just move a train of 45 tons on a 
railway whose friction is 6 lbs. per ton ? Ans. 270. 

2. What work will be due to friction in moving this train 
over the space of 9 ft ? Ans, 2430. 

3. A train of 80 tons moves at the uniform speed of 20 
miles per hour, on a level rail whose Mction is 6 lbs. per ton ; 
required the H. P. due to friction. Ans. 26'G. 

4* If the weight of the train be 60 tons, what will then b^ 
theH.P.? Ans. 19-2. 

5. Bequired the H. P., when the weight of the train is 
100 tons, the speed 15 miles, and the friction 7 lbs. per ton. 

Ans. 2S. 
' 6. If the friction be taken at 5\ lbs. per ton, what wiU then 
be the H. P. ? Ans. 22. 

7. When the H. P. of an engine is 30, the speed 40 mile^ 
and the friction 7 lbs. per ton, what must be the weight of the 
train ? Ans. 40-1 tons. 

8. K the H. P. be 25, what will then be the weight of the 
train? Ans. SS'Atons. 

9. At what rate, in miles per hour, will a train of 80 tons be 
drawn by an engine of 70 H. P., when the friction is takto at 
6 lbs. per ton, the resistance of the atmosphere being neg- 
lected? Ans. 5^'6 miles. 

10. If the weight of the train be 100 tons, what will then 
be the speed? Ans. 43'75 miles. 
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11. What wiU be the speed, when the weight of the train 
ss 120 tons, the H. P. = 60, and the friction 6 lbs. per ton ? 

Ans,.^l'25 miles. 

12. If the friction of the rail be taken at 8 lbs. per ton, 
"what will then be the maximum speed ? Ans^ 23*4 miles, 

13. In what time will an engine of 100 H. P., moving a 
train of 90 tons, complete a journey of 80 miles, supposing 
jtbe Motion to be 7 lbs. per ton ? Ans. 1*34 hours, 

14. If the weight of the train be 45 tons, what will then be 
the time ? Ans, *67 hours, 

i5. If a horse draw a load of 1 ton to the distance of 
260 ft., on a road whose friction is ^ of the load, what work 
will he do ? Am. 29120. 

16. K the coefficient of friction be ^, what work will 
then be done ? Ans. 19413. 

9. 

1. Itequired the H. P. of an engine to cut 4000 sq. ft. of 
oak planking in a day of 10 hours long. Ans^ 5*8. 

2. If there are 5000 sq. ft., how many H. P. will then be 
required? Ans. 7*3. 

3. Qow many ft. of plank will an engine of 3 H. P. cut in 
a day of 12 hours long ? Ans, 2457. 

4. If the engine works for 10 hours per day, how many ft. 
will then be cut ? Ans. 2048. 

5 In what time will an engine of 9 H. P. cut 6000 sq. il. 
of oak timber ? Ans^ 9*76 hqurs. 

6. Required the time when the H. P. = 10. 

AnSf B'7S hours. 

a* 

. 1. If a train of 60 tons moves up a gradient, having a rise 

of 1 foot in 100 ft. with the uniform speed of 20 miles pep 

hour, what will be the H. P. due to gravity alone ? 

Ans. 71*6. 
2. Required th^ H. P., when the speed is 15 miles. 

Ans. 53-7. 

H 4 
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3. If the friction of rail, in Ex. 1., be 6 lbs. per ton, what 
will be the H. P. due to friction and gravity ? Ans. 90'8. 

4. A train of 7o tons ascends an incline, having a rise of 
-|> in 100, with the unifcmn speed of 40 miles per hour, what 
is the H. P. due to friction and gravity, assuming the friction 
to be 6 lbs. per ton ? Ans. 70-4. 

5. If the rise be ^ in 100, wli^at will then be the H. P. ? 

Ans. 107-7. 

6. Required the H. P., in Ex. 4^ when the train descends 
the incline ? Ans. 25*6w 

7. A train of 75 tons descends a gradient, having a rise 
of ^ in 100, with the uniform speed of 50 miles per hour, 
what must be the H. P., assuming friction to be 7 lbs. per 
ton? Ans. 42. 

8. What will be the H. P., when the rise of the rail is -|- in 
100? Ans. 14. 

9. What must be the H. P. in the last example, when the 
train ascends the incline ? Ans. 126. 

10. If the weight of the train in Ex. 7., be GO tons, what 
will then be the H. P. ? Ans. SS'S. 

11. What work will a horse perform in drawing 24 cwt^. 
up iei hill of 1 mile, and having a rise of 2 in 100, when the 
friction of the road is -^ of the load ? Ans. 14665721 

12. What wOl be the work when the load is 16 cwts. ? 

Ans. 977715. 

13. 

1. Fifity thousand c. ft. are to be conveyed to the horizontal 

distance of 720 ft. ; the material requires 1 pickman to 3 

shovellers $ required the cost, allowing the shovellers and 

barrowmen 3s. each per day, and the pickmen Ss. Ad. 

Ans. £U0. Us. \^ 

. 2. What will be the cost, when there are 30,000 c. ft of 

earth ? Ans, £m. 6s. 8dl 

3. Required the cost in Ex. 1., when the earth is first to be 

raised by ramps to the mean height of 8 ft^ 

Ans. £128. Us. \\d. 
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4. An excavation is to be made 200 ft long, 40 ft. broad, 
and 25 ft. high ; the material is to be transported by means 
of barrows, to the mean horizontal distance of 480 ft. ; the 
-material requires 4 pickmen to 3 shovellers ; what will be the 
cost, allowing 2s. 6d, per day for each labourer ? 

Ans. £316. ISs. 4d 

5. Required the cost, when there are 80,000 c. ft. of 
earth. Ans. £126. I3s. Ad. 

6. Required the cost, when the content of the earth = 
200^000 c. ft, the mean distance = 380 ft., the wages of 
each labourer = 2s. 6cL per day, and 3 pickmen are required 
to 2 shovellers. Ans. £283. 6s. Sd. 

7. If the content of the earth = 5000 c. ft., what will then 
be the cost ? Ans. £7. Is. Sd. 

8. How many men of each sort will it take to complete 
the excavation of Ex. 4. in 40 days ? 

Ans. 10 shovellers, 40 barrowmen, and 13^ pickmen. 

9. What will be the cost, in Ex. 4., when the length of 
the excavation is 140 ft ? Ans. £221. 13^. 4dL 

10. 200,000 c. ft. of earth is first to be raised to the mean 
height of 13 ft by means of ramps, and then conveyed to the 
horizontal distance of 480 ft ; required the cost, when the 
material requires 4 pickmen to 3 shovellers, and the wages 
of each labourer is 2s. 6d, per day* Ans. £414. Ss. 4d. 

11. 90,000 c. ft. of earth are to be raised to the mean 
height of 10 ft by means of ramps ; how many men will it 
take to complete the work in 20 days, supposing the mate- 
rial to take 3 pickmen to 5 shovellers. Ans. 27*9^ 

12. If there are 60 000 c ft. of earth, how many men-wiU 
then be required? Ans. 18*6. 

14. 
1. It has been found that the total resistance of the air to 
a train of 8 coaches is 50 lbs. when the train moves at 10 
miles per hour. Required the H. P. due to the resistance of 
the air alone, when the train moves at the rate of 40 miles. 

Ans. 85-31 
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2. 1£ the train moves at the rate of 20 miles, what will 
then be the H. P. ? Ans. 10-6. 

3. The resistance of the air to a train of four coaches is 
15 lbs., when the train moves at the rate of 10 miles, the 
weight of the train is 20 tons, the friction 6 lbs. per ton, and 
the speed 20 miles ; required the H. P. Ans. 9*6. 

4. If the speed be 30 miles, what will then be the H. P. ? 

Ans. 20*44 

5. A train of 90 tons moves upon a level rail, whose fric- 
tion is 6^ lbs. per ton, with the uniform speed of 40 miles 
per hour. Now the resistance of the air to a train of this 
length is 40 lbs. when the speed is 10 miles. Required the 
H. P. of the engine. Ans. 130*6. 

* 6. If the speed in the last example be 50 miles, what will 
then be the H. P. ? Ans. 211. 

7. Required the H. P., as in Ex. 5., taking the weight of 
the train = 60 tons, the friction = 6 lb&, the speed = 60 
miles, and the resistance of the air = 35 lbs. Ans. 259. 

•^ 8. What must be the H. P. of the engine, when the 
weight of the train ss 70 tons, the friction = 6 lbs. per ton, 
the speed = 30 miles, and the train undergoes a total atmo- 
spheric resistance of 400 lbs. at this speed ? Ans. 65*6* 

15. 

1. How many cubic feet of water will an engine of 8 H. P. 
raise per hour, from a pit whose depth is 160 fathoms, sup- 
posing the modulus of the pump to be f ? Ans. 1?6. 
' 2, If the depth of the pit be 200 fathoms, how many cubic 
feet of water will then be raised ? ' Ans. 140*8. 

* 3. What must be the effective H. P. of the engine, work- 
ing the pump in Ex. 1., so as to raise 2*2 c ft. of water per 
min. ? Ans. 6. 

4. If the water raised per min. be 1*65, what must then 
be the effective H. P. ? Ans. 4*5. 

5. In what time will the engine in Ex 1. pump 44 c fL 
of water ?• Ans. 15 min. 
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6. What must be the effectiye H. P. of an engine working 
£xr 8 hours per daj, to supplj 800 families with 20 c ft. of 
water each per day, supposing the water to be raised to the 
mean height of 60 ft., and the modulus of the pump to be §? 

Ans. 5-68. 

7. If water supplied to each be 9 c ft., what must then 
be the H. P.? An8.2'& 

If. 

1. The height of a waterfall is 20 ft.^ and 200 c. ft. of 
water go over the fall every minute^ what will be the H. P. 
of the water wheel whose modulus is f ? Afu^ 5. 

2. If 80 c. ft. descend upon the wheel per min., what will 
then be the H. P.? Ans. 2^ 

3. The breadth of a waterfall is 2 fl, the depth 1 ft., iha 
mean Telocity at this part 50 ft. per min., and the height of 
the fall 16 ft, required the H. P. of the water wheel sup- 
tK>sing it to take up all the work in the water ? Ans, 3*03. 
* 4. If the mean velocity be 40 ft., what will then be the 
H. P.? Ans. 2-4. 
' 5. If the modulus of the wheel in Eac 3. be *6, what will 
then be the EL P. ? Ans. 1'8» 

6. The breadth of a stream is 3 ft., the depth 2 ft^ the 
velocity 40 ft. per min. and the height of the fall 10 ft. ; 
what wiU be the H. P. of the water wheel which does ^ of 
the work applied to it ? Ans. 2*7. 

7. If the height of the fall be 8 ft., what wiU then be the 
H. P.? Ans.2'U 
. 8. The breadth of a stream is 4 ft., the depth 3 ft., the 
mean velocity 1*5 ft. per sec, and the height of the fall 9 ft.; 
required the H. P. of the water wheel whose modulus is *68; 

Ans. 12*5. 

9. K the mean velocity be '5 ft. per sec, what will then 

be the H. P. ? Ans. 41. 

22 and 23. 
1, The area of the piston of a steam engine is 500 sq. in., 
the mean effective pressure of the ste^m upon each inch of 
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the piston 30 lbs., the length of the stroke 8 ft., and the 
number of strokes performed per min. 20; required the 
H. P. Ans. 72-7. 

2. If the mean pressure of the steam be 20 lbs., what will 
then be the H. P. ? Ans. 48*4. 

3. What must be the mean effective pressure of the steam, 
in £z. L, so that the H. P. may be 24? 

Ans, 10 Ws, nearly. 

4. The area of the piston of a steam engine is 2800 sq. in., 
the effective pressure upon each inch of the piston 9 lbs., the 
length of the stroke 7*9 ft., and the number of strokes per 
min. 11*5 ; required the H. P. Ans. 69'3. 

5. If the area of the piston be 700 sq. in., the number of 
atrokes per min. 23, what will then be the H. P. ? 

Ans. 34*6. 

6. The area of the piston of a steam engine is 5000 sq. in., 
the length of the stroke 10 ft., what must be the effective 
pressure of the steam per in., so as to give 8 strokes per 
minute to the piston, or plunger, of a pump, whose section is 
9 sq. ft., and stroke 10 ft, the height to which the water is 
raised being 108 ft. ? Ans. 12-15 lbs. 

7. Required the useful H. P. in the last example. 

Ans. 147. 

8. The H. P. of an engine = 20, area of the piston = 300 
sq. in., length of the stroke = 10 ft, number of strokes per 
min. = 12 ; what must be the mean pressure of the steam, 
allowing that 2 lbs. per sq. in. are necessary to overcome the 
resistance of friction ? Ans. 20^ lbs. 

9. If the H. P. be 15, and the length of the stroke 5 ft., 
what will then be the pressure ? Ans. 29*5 lbs.. 

10. The area of the piston of a high pressure engine is 
400 in., length of the stroke 3 ft, pressure of the steam 
45 lbs., number of strokes per min. 18, resistance of friction 
and the atmosphere on each inch of the piston 18 lbs. ; re- 
quired the useful H. P., and the water evaporated per min. 
Ans. H. P* =? 17*67 ; water evaporated s= *246 c fit. nearly. 
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» 

- 11. Beqtiiied the same as in the last example, when the 
pressure of the steam is 48 lbs. 

Ans. H. P. = 19*6 ; water evEpOTated ^ *26 eft. 

12. If 1 bushel of coals evaporates 11*5 c. fk. of water, 
what is the duty of the engine in Ex. 10. ? 

Afu. 27 millions. 

13. Required the duty of the engine in Ex. 11. 

Afis. 28 miL 
28. 

1. In a lever of the first kind, the long arm is 2 ft., the 
ehort arm 3 in., what must be the power to balance a weight 
of 64 lbs.? Am. S lbs. 

2. What must be the power when the weight is 16 lbs. ? 

Ans. 2 lbs. 

3. What will be the weight in Ex. 1., when the power is 
14 lbs? Afis. 1 act 

4. How far from the fulcrum must a power of 7 lbs. be 
applied so as to balance a weight of 126 lbs. placed at the 
distance of 2 in. from the fulcrum ? Ans. 3 ft» 

5. If the power be 6 lbs., what will then be the distance ? 

Ans. 42 in. 

6. In the handle of a common pump, the piston rod is 
placed at 3 in. from the fulcrum, a power of 60 lbs. is applied 
at the distance of 30 in. from the fulcrum ; what will be the 
force lifting the piston ? Ans. 600 lbs. 

7. If the power be 47 lbs., what will then be the force ? 

Ans. 470 lbs. 

8. In the great beam of a steam engine, the arm by which 
the steam acts is 10 ft., and that to which the pump rod is 
attached 9 ft. ; if the pressure of the steam upon the piston 
be 2 tons, what pressure will be produced upon the plunger 
of the pump ? Ans. 2 J- tons. 

9. If the arm of the pump rod be 8 ft., what will then be 
the pressure on the plunger ? Ans. 2^ tons. 

10. What must be the length of the lever of a safety valve 
(see ^g. page 63.) when W = 20 lbs., wt. valve = 6 lbs., V E 
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^= 2 in^ section of the valve = 4 in^ pressure of steani ss 

501bs., the weight of the lever being neglected ? Ans. 19*4 t9t» 

1 1. If the pressure of the steam is only required at 30 lbs., 

what must then be the length of the lever ? Ans. 11*7 in. 



1. In a wheel and axle, the radius of the wheel is 20 in., 
and that of the axle 4 in. ; if the power applied be 70 lbs., 
what must be the weight ? Ans, 350 Jb9. 

2. If the radius of the axle be 3 in., what will then be the 
weight? Ans. 466|-/65» 

3. What power must be applied, in Ex. 1., in order to sup^ 
port a weight of 400 lbs. ? Ans. 80. lbs, 

4. The handle of a windlass is 2 ft, what must be the radius 
of the axle, so that a man exerting a pressure of 60 lbs. upon 
the handle, may raise a tub of coals weighing 4 cwts. ? 

Ans, 3*2 m. 

5. If the length of the handle be 20 in., what must then 
be the radius of the axle ? Ans. 2*6 titf 

39. 

. 1. The diameter of the large axle, of a compound wheel 
and axle, is ^ ft., that of the small one \ ft., the length of 
the handle 2 ft, and the weight raised 800 lbs. Required 
the power. Atib. 37*5 Ihs^ 

. 2. If the diameter of the small axle be f ft., what will then 
be the power ? Ans. 12*5 Ibs^ 

3. If the diameter of the large axle, in Ex. 1., be \ ft, 
what wiU then be the power ? Ans. 12*5 lbs. 

• 4. If the power, in Ex. 1., be 75 lbs., what will be the 
weight? Ans. 1600 lbs. 

41. 

1. If there are 3 moveable pulleys (see fig. page 75.), re- 
quired P, when W = 16 lbs. Ans. 2- lbs. 

2. Required P, when there are 4 moveable pulleys. Ans, 1 lb. 

3. Let there be 1 moveable pulley, weighing 4 lbs. ; re- 
quired P when W =s 180 lbs» Ans. 92 lbs. 
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4. When there are 2 moveable pulleys^ what will then be 
the power ? Ans. 48 Ibs^ 

42. 

1. The leAgth of an inclined plane is 80 ft., height 2 ft., 
the weight of the body 2 tons ; what pressure will be required 
to sustain the body on the plane, friction being neglected ? 

Ans. 1 cwt 

2. If the height of the plane be 3 ft. ; what will then be 
the pressure ? Ans. 1^ cwts. 

3. If the friction in Ex. 1. be ^ of the load ; what must 
be the pressure to move the body up the plane ? 

Ans. 26li lbs. 

4. If the friction be ^ of the load, what wiU then be the 
pressure ? Ans, 3 ctcts. 

44 and 45. 

1. The lever of a simple screw is 3 ft. long, the thickness 
of the threads ^ in., and the pressure applied to the lever 60 
lbs. ; required the pressure on the press board, friction being 
neglected. Ans, 12*1 tons, 

2. When the lever is 2 ft., and the thickness of the threads 
^ in., what will then be the pressure^? Ans, 5*3 tons, 

3. If the thickness of the threads in Ex. 1. be f in., what 
will then be the pressure ? Ans, 9 tons, 

4. In a compound screw, the length of the lever is 3 ft., 
the distance between the threads of the large screw ^ in., 
and that of the small one 4 in. ; if 60 lbs. be applied to the 
extremity of the lever, what will be the pressure produced 
on the press board ? Ans, 84*8 tons, 

5. If the distance between the threads of the small screw 
be f in., and the power applied 20 lbs., what will then be the 
pressure? Ans, 16*1 tons, 

6. What is the advantage of pressure, in Ex. 4. ? Ans. 3165. 

47. 

1. The area of the small piston of a hydrostatic press is 
} sq^ in,9 and fhat of the large one 200 sq. in., the lever is 30 
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in. long, and the piston rod is placed at 2 in. from the fulcrum ; 
if a pressure of 56 lbs. be applied to the lever, what pressure 
will be produced upon the large piston ? Ans, 75 tojis. 

2. If the area of the large piston be 40 sq. in., what will 
then be the pressure ? Ans. 15 tons. 

3. 1£ the surfaces of the pistons in Ex. 1. be ^ and 400 
sq. in., respectively, what will then be the pressure ? 

Ans, 225 tons. 

50 and 52. 

1. What velocity will a falling body have at the end of 
5 seconds? Ans. 160^ ft. 

2. What velocity will a body acquire in 2 sec. ? Ans. 64 J/If. 

3. In what time will a falling body acquire a velocity of 
193 ft. ? Ans, 6 sec. 

4. In what time will a body acquire a velocity of 386 ft ? 

Ans. 12 sec^ 

5. A stone was 2 seconds in falling from the top of a tower ; 
what is its height ? Ans. 64^ift. 

6. From what height will a body fall in 5 sec. ? Ans. 402 ft. 

7. If a body be projected upwards with a velocity of 96^ ft. ; 
to what height will it go ? Ans. 144f/if. 

8. To what height will it ascend in 2 sec. ? Ans. 128^ ft, 

9. A body has a velocity of 193 ft., from what height must 
it fall to acquire this velocity? Ans. 579 ft. 

10. If the weight of the body in the last example be 8 lbs. ; 
required the work accumulated in it. Ans. 4632. 

1 1. Abody weighing 4 lbs. has a velocity of 386 ft. per sec; 
how many units of work had been done upon it ? Ans. 9264. 

70 and 7L 

1. Let O H = 6 ft., O A = 3 ft., (see fig. page 110.) and 
the weight of the gate = 4 cwts. ; required the pressure upon 
the pin O. Ans. 5'6 cwts. 

2. 1£ the weight of the gate be 3 cwts., what will then be 
the pressure ? Ans. 4*2 cwt^. 
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3. If the height O A of the gate, in Ex. 1., be 5 ft, what 
will then be the pressure ? Ans. 4*6 cwts. 

4. Let 0R3s5 ft, (see fig. page 111.) O V= 2ft., EP = 
3 ft., length of the pier = 1 ft., weight of a c. ft. of the mate- 
rial = 120 lbs., P = 3000 lbs., and its direction 45° inclined 
to the horizon ; will the pier stand or fall ? Ans. It will stand. 

5. Required P so that the pier may be upon the point of 
overturning. Ans. 3400 lbs. 

6. «Will the pier, in Ex. 4., stand when the direction of P 
is 30° ? Am. It will fall 

76 and 78. 

1. Required the pressure on a flood-gate, whose breadth is 
10 ft., and depth 6 ft;. Ans. 11250 lbs. 

2. If the depth be 9 ft., what then will be the pressure ? 

Ans. 25S12 lbs. 

3. How far from the bottom will the whole pressure in 
Ex. 1., act? Ans. 2 ft. 

4. The height of a rectangular embankment is 9 ft, the 
thickness 4 ft, and the weight of a c. ft. of the material 
120 lbs. ; wiU the embankment stand or fall when the water 
is at the brim ? Ans. It will stand. 

5. Will it stand or fall when the thickness is 3 ft. ? 

Ans. It will fall. 



1. What load will just sink a barge which is 10 ft;, long, 
4 ft. broad, and 3 ft deep, outside measure, and the thickness 
of the planking 2 inches, and the weight of a c. ft. of timber 
50 lbs. ? Ans. 2*9 tons. 

2. How far would the barge, in the last example, sink with 
a load of 2 tons ? Ans. 2'IS ft. 
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MISCELLANEOUS EXAMPLES^ 



L What will be the H. P. of an engine which performs. 
17894000 units of work per hour ? . Ans. 9-03. 

2. How many cubic feet of water will an engine of 7 H.P. 
pump per hour, to the height of 100 ft., supposing ^ of the 
work to be destroyed by friction, &c. ? Ans, 1478*4. 

3. How many strokes per min. will an engine of 80 effec- 
tive H. P., give to the piston of a pump whose area is 2 sq. ft., 
length of each stroke 5 ft., and the height to which the water 
is raised 60 fathoms ? Ans. 1 1 *7. 

4. The shaft of a pit is to be sunk 40 fathoms, its section 
contains 30 sq. ft., how many units of work will it take ta 
raise the material, supposing each c. ft. to weigh 100 lbs. ? 

Ans. 86400000. 

5. If the depth be 5 fathoms> what will then be the work? 

Ans. 1350000. 

6. A wall is 40 ft. long, 20 ft. high, and 3 ft. thick ; re- 
quired the work in raising the material, supposing each c ft. 
to weigh 120 lbs. Ans. 2880000. 

7. A cistern is 12 ft. long, 6 fL broad, and 10 ft. deep, how 
much work will it take to fill the cistern with water, when the 
bottom is 30 ft. from the level of the water in the well ? 

Ans. 1575000. 

8. If the depth of the eistem be 12 ft., what will then be 
the work ? Ans. 1944000. 

9. If the cistern, in Ex. 7., is to be filled 3 times every 
hour, how many H. P. will it take to do it ? Ans. 2*38. 

10. A horse turns a whim gin, and exerts a traction of 
160 lbs. ; how many revolutions will he make per min., when 
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he moves in a circle whose diameter is 20 ft, allowing that he 
does 22000 units of work per minute ? Ans. 2*18 

11. The weights of two bodies P and W are 4 and 8 lbs. 
respectively, and the distance apart 15 in.; required the dis- 
tance of the centre of gravity from W. Ans. 5 in, 
' 12. Required the same as in the last example, when the 
weight of P is 2 Ibs^ Ans, 3 tn. 
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designed for the Younger Classes. By Natbaxisi. Howard. A New Edition. 
12mo. 2s. 6d. cloth. 

Howard's Latin Exercises extended. 

Latin Exercises Extended ; or, a Series of Latin Exercises, selected from the best 
Roman Writers, and adapted to the Rules of Syntax, particularly in the Eton 
Gi ammar. To which are added , English Examples to be translated into Latin, 
immediately under the same rule. Arranged under Modds. By Nathakibl 
Howard. New Edition. 12mo. Ss. 6d. doth.— Kbt, 12mo. 2s. 6d. 

Bradley's Latin Prosody, and Key. 

■sercises in Latin Prosody and Yersiflcation. 8th Edition, with an Appendix on 
Lyric and Dramatic Measures. 12mo. Ss. 6d. cloth. — Kbt, 12mo. 2b. 6d. 



STANDARD EDUCATIONAL WORKS. 



Bradley's Exercises, &c. on Latin Grammar. 

Serie* of Exercises and Quertions ; adapted to the beat Latin Orammara, and 
designed as a Guide to Parsing, and an Introduction to the Exercises ofValpy, 
Turner, Clarke, Ellis, &c. &c Bjr the Rev. C. Baahlet. 4th Edition. 
IZmo. 2s. 6d. botind. 

The London Vocabulary, English and Latin ; 

designed for the Use of Schools. By Js. Gbbenwood. Revised and arranged 
BTstematically, to advance the learner in scientific ss well as Terbal knowledge. 
By N. HowAU). New Edition. 18mo. Is. 6d. cloth. 

Beza's Latin Testament. 

Novum Testamentum Domini Nostri Jesu Christi, Interpret* Thsodoka Bbxa. 
Editio Stereotypa. 12mo. 3b. 6d. bound. 



Valpy's Epitome Sacrae Historise. 






Sacne Histonn Epitome, in usum Scholarum: ciuu Notis Angllcis. By the 
Rev. F. E. J. Yalft, M.A. 7th Edition. ISmo. te. cloth. 



EDITIONS OF CREEK CLASSIC AUTHORS. 

Yalpy's Homer. 

Homer's Iliad, complete : English Notes, and Questions to first Eight Books. 
Text of Heyne. By the Rev. E. Valpt, B.D. late Master of Norwich School. 
6th Edition. 8vo. 10s. 6d, bound. — Text only, 5th Edit. 8vo. 6s. 6d. bound. 

Major's Euripides. 

Euripides. From the Text, and with a Translation of the Notes, Preface, and 
Supplement, of Person; Critical and Explanatory Remarks, original and 
selected ; Illustrations and Idioms from Matthiae, mwes, Viger, &c. ; and a 
Synopsis of Metrical Systems. By Dr. Major. 8vo. 24s. cloth. 
*,^ The Five Plays separately, price 6s. ead>. 

Burges*s .ffischylus. 

iEschylus— The Prometheus : English Notes, &c. By O. BuBOSS, A.M. Trinity 
College, Cambridge. 2d Edition. Post 8vo. 5s. boards. 

Linwood's Sophocles. 

Sophoclis Tragoedise superstites. Recensuit et brevi Annotatione instruxtt 
G. LiM WOOD, M.A. iEdis Christi apnd Oxonienses Alumnus. 8vo. 168. cloth. 

Brasse's Sophocles. 

Sophocles, complete. From the Text of Hermann, Erftxrdt. ftc. ; with original 
Explanatory English Notes, Questions, and Indices. By Dr. Bbasse, Mr. 
Bdsosb, and Rev. F. Valpt. 2 vols, post 8vo. 348. cloth. 

■«* The Seven Plays separately, price Ss. each. 

Balfour's Xenophon's Anahasis. 

The Anabasis of Xenophon. Chiefly according to the Text of Hutchinson 
With Explanatory Notes, and Illustrations of Idioms from Viger, &c., copious 
Indexes, and Examination Questions. By F. C. BALPOT7a,M.A. Oxon. F.R.A.S. 
LL.D. 4th Edition. PostSvo. 8s. 6d. boards. 

Hickie's Xenophon's Memorabilia. 

Xenophon's Memoraoilia of Socrates. From the text of Kuhner. With Notes, 
Critical and Explanatory, from the best Commentators, and bythe Editor ; 
Questions for Examination ; and Indices. By D. B. Hickib, LL.D. Post 8vo. 

[In the press. 

Barker's Xenophon's Cyropaedia. 

The CvropoBdia of Xenophon. Chiefly from the text of Dindorf. With Notes, 
Critical and Explanatory, from Dindorf, Fisher, Hutchinson^Poppo, Schneider, 
Sturtz. and otherscholars, accompanied by the editor's, with Examination 
Questions, and Indices. By E. H . Bahkes. Post 8vo. 9s. 6d. bds. 



Blocker's Herodotus. 



Herodotus ; containing the Continuous History alone of the Persian Wars : 
with English Notes. By the Rev. C. W. Stockbh,D.D. Vice-Principal of 
St. Alban's Hall, Oxford. New Edition. 2 vols, post 8vo. 188. cloth. 
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Barker's Demosthenes. 

DemorthenM^Oratio Philippica I., OlTathiaeal.n. and III., De Pacts iEsehbies 
contra Demosthenem, De Corona. With English Notes. By E. H. BmMxxmh 



Sd Editi on. Post 8to . 6s . 6d . boards. 



EDITIONS OP LATIN CLASSIC AUTHORS. 

Virgil with 6,000 Marginal References, by Pycroft, 

The ^reid, Georgics, and Bucolics of Virffil : with Marffinal References, and 
concise Notes from Wagner, Heyne, and Anthon. Edited. from the Text. Of 
Wagner.bytheRer Jas. Ptcbott, B.A. Trln. Coll. Oxford. rcp.8T0.78.«. 
hovnd ; without Notes, 38. 6d. bound. 

Valpy's Edition of Virgil. 

p. Vlrgim Maronis Bncolica, Georgica, iEneiS. Aeeednot, in gratbim JnTcnhitb, 
Notae qnaedam Anslioe scripfta. Edited by A. J. Yalpt, H.A. New Editi<ni. 
18mo. 78. 6d. bonnd ; the Tsxt only, 3s. 6d. bound. 

Bradley's Ovid's Metamorphoses. 

Oridii Metamorphoses ; in usnm Scholanm ezeerpta : quibOB acccednnt Notnla 
Anglicife et QuaesfiOnes. Studio C. Bkaslxt, A.M. Editio Kotb. 12m». 
4s. 6d. cloth. 

Valpy's Ovid's Epistles and Tibullus. 

Electa ex Oridio et Tibullo : cum Notis Anglicis. By the Rer. F. E. J. Taut, 
M.A. Master of Burton-on-Trent School. 4th Edition. 12mo. 48. 6d. doth. 

Bradley's Pheedrus. 

Phaedri Fabulae; in usum Schdarum expurgata: quibus aceedunt Notnte 
AngUcsB et Qncstiones. Studio C. Buadi.xt, A.M. Editio Nora. ISmo. 2». 6d. cL 

P. Terentii Afri Comoediee Sex. 

Ex Editions Th. Fain. God. Reikhaudt. With Explanatory Notes, ^ 
D. B. HiCKiB, LL.D. 2d Edition. 12mo. with Portrait, 9s. 6d. cloth. 

Valpy's Juvenal and Persius, 

Declini J. Juvenalis et Persii Flacci Satirae. Ex edd. Rnperti et iCosnig expnr 
gatie. Accednnt, in gratiam Jnventntis, Notae quaedam Anglicae scriptia. 
Edited by A. J. Valpt, M.A. Sd Edit 12m6. 6s. 6d. cloth ; without Notes, Ss. 

Valpy's Horace. 

Q. Horatii Flacci Opera. Ad ftdem optimorum exemplarium canttgata ; cmn 
Nctulis Anglicis. Edited by A. J. Valpt, M.A. New Edition. 18mo. «8. 
bound ; without Notes, 3s.-6d. bound. 

* ,* The objectionable odes and passages here been expunged. 

The Rev. Canon Tate's Edition of Horace. 

Roratius RMtit«tus ; 01*, the Books of Horace arranged in Chxwioldgieal 
Order, according to the Scheme of I>r Bentley, from the Text of Oesner, cor- 
rected and improred: with a Preliminary Disstrtation, rery much enluged, 
on the Chronology of the Works, on the Localities, And on the Litis and 
Character of that Poet. By James Tatb, M.A» 2d edition, to which is now 
added, an original Treatise oA the Metres of Horace. 8vo. doCh, 138. 

Barker's Tacitus — Germany and Agricala. 

The Germany of C. C. Tacitus, f^om Passew's Text; and the AgHeela, fhws 
Brotier'sText: with Critical and Philological Remarks, partly original and 
partly collected. Bv E. H. Bakkuh, late of Txtnity College, Cambiidg». Oa 
fditiouy revised, limo. 5s. 6d. cloth. 

Valpy's Tacitus, with English Notes. 

C. Comelli Taciti Opera. From the Text of Broticr; with his Explanatory 
Note8,tran8lated into English. By A. J. Valpt, M.A. 9Tols.po8t8TO.a48.bda. 



C. Crispi Sallustii Opera. 



With an English Commentair, and Geographical and Historical Indexca. 
Chablbs Amthon, LL J). New Edition. ISmo. fis. eloth. 



STANDARD BDDCATIONAL WORKS. 



C. Julii Ceesaris Commentarii de Bello Gallico. 

£z receiuione |^. Oitsbkdokpii. With Explanatory Notes, and Historical, 
Geographical, and Archeological Indexes. By Chjjiles Amthoh, LL.D. 
New Edition. 12mo. 4s. 6d. cloth. 

M. Tullii Ciceronis Orationes Selectse. 

Ex recensione Jo. Ado. Erkesti. With an Enfflisfa Commentary 



<nd 



X recensione jo. avo. krkesti. wiui an jsngiisn commentary , and 
Historical, Oeoeraphical, and Legal Indexes. By Chiju.xs Axthon, LL.D. 
New Edition. 12mo. 6b. doth. 

Biarker's Cicero de Amicitia, &c. 

Cicero's Cato Maior, and liSeUos : with English Explanatory and Philological 
Notes; and^th an English Essay on the Respect paid to Old Age bt the 
Egyptians .the Persians, the Spartans. the Greeks, and the Romans. By the 
late £. H. Baucbk, Esq. of Trinity College, Cambridge. 9th Edition. 12mo. 
4». 0d. cloth. 

Valpy's Cicero's Offices. 

H. Tnllii Ciceronis de Offlciis Libri Tret. Aecedont, in nsnm Jnventatis, Nota 
quaedam Anglicc terinttf. Edited by. A. J. YAiirf, M.A. Editio QuinU, 
aucta et emendata. 12nio. 6s. 6d. cloth. 

Valpy's Cicero's Twelve Orations. 

Twelve Select Orations of M. Tullins Cicero. Fvom the Text of Jo. Casp. 
Orellius; with EnglUh Notes. Edited by A. J. Yalpt, M.A. ad Edition. 
Post 8to. 78. 6d. boards. 

Bradley's Cornelius Nepos. 

Comelii Nepotis Yltn Excellentium Imperatomm: quibns aeeedunt Notnla 
Anglic* etQviestiones. 8tndioC.BaAj}LB'z,A.M. Editio QctaTa.12mo.3s.6d.dL 

Bradley's Eutropius. 

Entropii Historic Romanae Libri Septem : qnibns aeoedunt Notnla Anglicc et 
Qaesliones. Studio C. Bkai>i.bt, A.M. Editio Dnodecima. 12mo.te. M. cloth. 

Hickie's Livy. 

The Pint Five Books of LItt: with English Explanatory Notes, and Examina- 
tion Queitions. By D. B. Hickib, LL.D. ad Edition. Post 8to. 8s. 6d. boards. 

Fasciculus Primus Historiee Britannic®. 

The First Chapter of the History of England, selected from the Writings of 
Caesar and Tacitus.^ To which are added, Explanatory Notes for the use of 
Schools. By W. Dkak.!, I1.A. 12mo. Ss. 6d. cloth. 



WORKS BY THE REV. S. t. BLOOMFIELD, D.D. F.S JV. 

Bloomfield's New Greek Vocabulary. 

LexUogns Scholaeticns; or, a Greek and English Yocabulary on a new and 
improved plan : comprising all the Primitives, with some select Derivatives ; 
aaai .... - - - 



presenting a brief Epitome in outline of the Greek Language. ISmo. Se. 

Bloomfield's Epitome of the Greek Gospels. 

Epitome Evangelica; beine Selections ft'om the Four Greek Goepels: with » 
CUvis and Grammatical Notes. Intended as a Companion to uis Author's 
"Lexilogus Scholasticus," and as an Introduction to his " College and School 



Greek Testament" ISmo. 4s. cloth. 

Bloomfield's Greek Lexicon to the New Testament. 

Greek and English Lexicon to the New Testament; especially adapted to the. 
use of Colleges and the higher Classes in the Public Scnools, but also intended 
as a convenient Manual for Biblical Students in general. 2d Edition, en- 
larged and improved. Fcp. 6vo. 10s. 6d. cloth. 

Bloomfield's College and School Greek Testamept. 

The Greek Testament : wiui brief English Notes, Philological and Explanatory. 
Especially formed for the use of Colleges and the Public Schools, but also 
adapted ror general purposes, where a larser work is not raqnistte. 4th 
Edition, enlarged and improved. 12mo. 10s. 6d. cloth. 
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Bloom field's Greek Testament. 

The Greek Testament: with copious English Notes, Critical, Phikdccical, sad 
Explaxxatorr. 6th Edition, enlarged and improTod. 2 toIs. 8to. with Map of 
Palestine, £3, cloth. 

Bloomfield's Greek Thucydides. 

The History of the Peloponnesian War, by Thncydidca. A New Recension of 
the Text ; with a carefully amended Punctuation ; and copious Notes, Critical. 
Philological, and Explanatory ; with full Indices, both of Greek Words and 
Phrases, explained, and matters discussed in the Notes. 2 vols. 8to. with 
Maps and Plans, 38s. cloth. 

Bloomfield's Translation of Thucydides. 

The History of the Peloponnesian War. By Thuctdidkb. NewW translated 
into Engiuh, and accompanied with very copious Notes. Philological and 
Explanatory, Historical and Geographical; with ii^p* and Plates. 3 vo1s.8to. 
£2. 6s. boards. 



HISTORY, CHRONOLOGY, AND MYTHOLOGY. 

A Manual of English Antiquities. 

By James Eccleston, B.A. Head Master of Sutton Ooldileld Grammar SchooL 
8to. with numerous Engrarings on Wood. [In the press. 

Lempriere's Classical Dictionary, abridged 

For Riblic and Private Schools of both Sexes. By the late E. H. B^kkbk, Tri- 
nity College, Cambridge. A New Edition, revised and corrected throughout. 
By J. Cakyim. 8vo. 12s. bound. 

Blair's Chronological and Historical Tables. 

From the Creation to the Present Time : with Additions and Corrections from 
the most Authentic Writers : including the Computation of St. Paul, as con- 
necting the Period tttm the Exode to the Temple. Under the superintendence 
of Sir Henkt Ellis, K.H. Principal Librarian of the British Museum. Imp. 
8vo. 31s. 6d. half-bound morocco. 

Af angnalPs Questions.— theomlt onnmiB amd coKrum eoittoit. 

Historical and Miscellaneous Questions, for the Use of Young People ; with • 
Selection of British and General Biography, ftc. ftc. Bv R. MAitOHALL. New- 
Edition, with the Author's last Corrections, and other very considerabU 
Additions and Improvements. 12mo. 4s. 6d. bound. 

Corner's Sequel to Mangnall's Questions. 

Questions on the History of Europe : a Sequel to Mangnall's Historica Ques- 
tions ; comprising Questions on the History of the Nations of Continental 
Europe not comprehended in that work. By ivLU. CoANBa. New Edition. 
12mo. 6s. bound. 

Knapp's Universal History. 

An Abndgmentof Universal History,adapted to the UseofFamiliesand Schools ; 
with appropriate Questions at the end of each Section. By the Rev. H. J. 
Khapp, M.A. New Edition, with the series of events brought down to the 
present time. 12mo. 5s. bound. 

A Catechism of Church History 



In general, from the Apostolic Age to the Present Time. 
"■ ----- - i^j, 

he Rev 
of Cheltenham Collegie. 



To which is added, 
a Catechism of English Church History ; with a Chronological Summary or 
Principal Events. By the Rev. W. T.Wilkinson, A.M. Th( " " ~ 

Fcp. 8vo. 6s. cloth. 



ipal 
riten 



theological Tutor 



Hort's Pantheon. 

The New Pantheon; or, an Introduction to the Mythology of the Ancients, in 
Question and Answer : compUed for the Use of Toung Persons. To which are 
added, an Accentuated Index, Questions for Exercise, and Poetical lUustra- 
Uons of Grecian Mythology, from Homer and Virgil. By W. J. Hobt. New 
Kditlon, enlarged. 18mo. with 17 Plates, 5s. 6d. bound. 



Hort's Chronology. 



An Introduction to the Study of Chronology and Ancient History: in Question 
and Answer. By W. J. Hokt. New Edition. 18mo. 4s. bound. 



STANDARD EDUCATIONAL WORKS. 9 



Tables of Chronology, and Regal Genealogies. 

Combined tad Mparate. By the Ber. J. H. Howlxtt, M.A. 2d Edition. 
4to. B*. 6d. cloth. 

Metrical Chronology ; 

la which most of the important Dates in Ancient and Modem History are 
expressed by Consonants used for Nnmerals, and formed, by aid of Vowels, 
into vigniftcant Words : with Historical Notes and Questions for the Exerciae 
of Young Persons. By Rev. J. H. Ho wlstt, MA. Sd Edit. Post 8to. 7s. cloth. 

School Chronology ; or, the Great Dates of History. 

Drawn up for the use of the Collegiate Schools, LiverpooL Third Edition. 
Square 12mo. Is. stitched. 

Valpy's Poetical Chronology. 

Poetical Chronology of Ancient and English History: with Historical and Expla- 
natory Notes. By R. Yalpt, D.D. New Edition. 12mo. 2s. 6d. cloth. 

Keightley's Outlines of History. 

OnUues of History, from the Earliest Period. By Thomas Ksiortlet, Esq. 
New Edition, corrected and improved. Fcp. 8to. 68. cloth ; 68. 6d. bound. 

Sir Walter Scott's History of Scotland. 

History of Scotland. By Sir Waltbb. Scott, Bart. NewEdition,2Tols. fcp. 6vo. 
with Yignptte Titles, 12s. cloth. 

Valpy's Elements of Mythology. 

Elements of Mythology; or, an Easy History of the Pagan Deities : intended to 
enable the young to understand che Ancient Writers of Greece and Rome. By 
R. Valft, U.D. 8th Edition. 12mo. 2s. bound. 

GEOMETRY, ARITHMETIC, LAND-SURVEYING, ETC. 

Sandhurst College Astronomy and Geodesy. 

~'ractical Astronomy and Geodesy : including the Projections of the -^ 

Spherical Trigonometry. For the use^f the Royal Military College, Sand 
burst. By John Narrien, F.R.S. ~ 
in the Institution. 8to. Us. bound. 



Practical Astronomy and Geodesy : including the Projections of the Sphere and 
Spherical Trigonometry. For the use of the Royal Military College, Sand- 
burst. By John Narrien, F.R.S. & R.A.S. Professor of Mathematics, ftc. 
• ■• • slit ■ • 

Sandhurst College Trigonometry. 

Plain Trigonotaetry and Mensuration. By W. Scott, Esq. A.M. and F.R.A.S. 
8to. 9s. 6d. boiand. 

Sandhurst College Elements of Euclid. 

Elements of Geometry : consisting of the first four, and t)>e sixth. Books of 
Euclid, chiefly from the Text of Dr. Robert Simson ; with the principal 
Theorems m Proportion, and a Course of Practical Geometry on the Ground. 
Also, Four Tracts relating to Circles, Planes, and Solids ; with one on 
Spherical Geometry. By John Najlrusm, F.R.S. and R.A.S. 8to. 10s. 6d. bd. 

Sandhurst Colleg'e Analylical Geometry. 

Analytical Geometry : with the P'operties of Conic SecUons : and an Appen- 
dix, containing a Tract on Descriptire Geometry. For the use of the Koyal 
Military College, Sandhurst. By J. Narrien, F.R.S. and R.A.S. 8to. 8s. 6d. 

Sandhurst College Arithmetic and Algebra. 

Elements of Arithmetic and Algebra. By W. Scott, Esq. A.M. and F.R.A.S. 
Second Mathematical Professor in the Institution. 8vo. 168. bound. 

Professor Thomson's Elementary Algebra. 

An Elementary Treatise on Alsehra, Theoretical and Practical. By Jambs 
Thomson, LL.D. Professor of Mathematics in the University of Glasgow. 
3d Edition. 12mo. Ss. cloth. 

■ ,* A KxT to this work is in the press. 
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Nesbit's Mensuration, and Key. 

A Treatise on Practical Meniuration- contalnuu^the raoatapprored Methods of 
drawing Geometrical Fifurea ; Mensuration of Superficies -, Lamd Snnreying ; 
Mensuration of Solids ; the Use of the Carpenter's Rule ; Timber Measure, &. 
By A. Nbsbit. 13th Edition. 12mo. with 3D0 Woodcnta. 6a. bound. 

XXT. 7tli Edition. 12mo. 0s bound. 

Nesbit's Land Surveying. 

A Complete Treatise on Practical Land Surreying. By A. Nbsbit. Ith Edition, 
ero. with Plates; Woodcuts, and Field-book, 18s. boavds. 



Crocker's Land Surveying. 

Crocker's Elements of Land Surveying 



New Edition, corrected throughout, 



and considerably improved and modemlMd, by T. O.' Bont, Land-Surveyor: 
Bristol. To which are added. Tables of Six- figure Logarithms, superintended 
bvRiCH A.aD FABI.BT, of the Nautical Almanac Establishment. Post 8vo. with 
Plans, Field-book, &c. 12s. cloth. 

Parley's Six-Figure Logarithms. 

Tables of Six-figure Logarithms; containing the Lonrithms of Numbers fhim 
1 to lOjOOO, and of Sines and Tangents for every IKnute of the Quadrant and 
every Six Seconds of the first Two Do^rees: with a Table of Constants, and 
Formulae for the Solutiim of Plane andTSpherical Triangles. Superintoided bf 
RiCHAKD Fablbt. Post 8vo. is. 6d. 

Illustrations of Practical Mechanics. 

By the Rev. H. Mosblbt , M.A. Professor of Natural PhQoaophy and Astronomy 
in King's College, London. 2d Edition. Fcp. 8vo. with nvunerous Woodcuts, 
8s. cloth. 

Tate's Exercises on Mechanics and Natural Phi- 
losophy ; or, an easy introduction to Fjigineeriag ; containing various Applica- 
tions of the Principle of Work : the Theory of the Steam Engine with Simple 
Machines ; Theorems and Problems on Accumulated Work, ftc. By Taon as 
Tatb, Mathematical Master of the National Society's Training College, 
Battersea. New Edition. Fcp. 8vo. 2b. cloth. 

Tate's Treatise on theFirst Principles of Arithmetic, 

After the method of Pestaloazi. Designed for the use of Teachers and Monitors 
in Elementary Schools. By Tho)(a.b Tatb, Mathematical Master of th« 
National Society's Training Institution, Battersea. 12mo. Is. sewed. 

Keith on the Globes, and Key. 

A New Treatise on the iTse of the Globes ; or, a Philosopnical View of the Earth 
and Heavens: comprehending an Account of the Figure, Magnitude, and 
Motion of the Eartti : with the Natural Changes of its Surface, caused by 
Floods, Earthquakesj&c. By Thomas Kbitit. New Editidn. improved, by 
I. Rowbotram, and W. H. Pniou. 12mo. with 7 Plates, 6s. 6d. bound. 

Kbt, by PaioB, revised by J. Rowbotham, 12mo. 2a. 6d. dotn. 

Tate's Algebra made Easy. 

Alcebra made Easy. By Thomas Tatb, Mathematical Master of the National 
Society's Training College, Battersea. 12mo. 28. dotti. 

Keith's Trigonometry. 

An Introduction to the Theory and Practice of Plane and Spherical Trigonometrvy 
and the Stereograpbic Projection of the Sphere, including the Theory of Navt- 

fation ; comprehending a variety of Rules, Formtdae, ftc. with their Practical 
pplications. By Thomas Kxith. 7th Edition, corrected by S. Matv a&s. 
6Vo. 14s. ctoth. 

The Ladies' Complete Arithmetician ; 

Or, Conversational Arithmetic. In which all the Rules are explained in Easy 
and Familiar Language. To which is added, a short History of the Coinage ; 
with Tables of the weights and Measures of the Ancients. By Mrs. Henry 
Ayres. 2d Edition. 12mo. 6s. cloth. 

*•* Key to the Second Edition. 12mo. Ss. cloth. 
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Taylor's Arithmetic, and Key. 

The Arithmetician'i Guide ; or, a complete Exercise Book : for Public Schoolt 
and Private Teachers. By W. Tailoa. New Edition. 12mo. 2s. 6d. bound. 

Ext to the same. By W. H. Whits, of the Conunercial and Mathematical 
School, Bedford. 12mo. 48. bound. 

Molineux's Arithmetic, and Key. 

An Introduction to Practical Arithmetic ; in Two Parts : with various Notes, and 
occasional Directions for the use of Learners. By T. Molinbux, many Tears 
Teacher of Accounts and the Mathematics in Macclesfield. In Two Parta> 
Parti. 12mo. 2s. 6d. bound. — Part?. 12mo. 2s. 6d. bound. 

Kbt to Part 1, 6d.— K>t to Part 2, 6d. 

Hall's Key to Molineux*s Arithmetic, Part T. 

12mo. Ss. bound. 

Simson's Euclid (the Standard Editions). 

Simson's Elements of Euclid (Library Edition) ; viz. the First Six Books, toge- 
ther with the Eleventh and Twelfth ; also the Book of Euclid's Data. With 
the Elements of Plane and Spherical Trigonometry ; and a Treatise on the 
Constructim of the Trigonometrical Canon. By the Rev. A. Robertson, D.D. 
F.R.S. 2.'}th Edition, revised and corrected by S. Math ard. 8vo. 99. bound. 

Simson's Elements of Eiiclid fSchool Edition) ; vis.thef'irst Six Booka, together 
with the Eleventh and Twelfth. Printed, with a few variations and additionAl 
references, from the Text of Dr. Simson. New Edition, revised and corrected 
by S. Matkaro. 18mo. 58. bound. 

Simson's Elements of Euclid (Symbolically Arranged) : edited, in the Symboli- 
cal form, by the Rev. R. Blakblock, M.A. late Fellow and Assistant Tutor of 
Catherine Hall, Cambridge. New Edition. 18mo. 6e. cloth. 

Joyce's Arithmetic, and Key. 

A System of Practical Arithmetic, applicable to the present st*te of Trade and 
Money Transactions : illustrated by numerous Examples under each Rule. By 
the Rev. J. Jotce. New Edition, corrected and improved by S. Matnars. 
12mo. 3s. bound. 

Kbt -j containing Solutions and Answers to all the Questions in the work. New 
Edition, corrected and enlarged by S. Matmard. 18mo. 3s. botmd. 

Walkingame's Arithmetic and Key, by Crosby. 

The Tutor's Assistant ; being a Compendium of Arithmetic, and a complete 
Question-Book ; containing Arithmetic in Whole Numbers, Vulgar Fractions, 
Decimals, Duodecimals, the Mensuration of Ciicles, a Collection of Questions. 
Ac. By Francis WAi.xuraAiiB. A New Edition, corrected by T. CftoiBT. 
12mo. 2s. cloth. 

Crosby's Key to Walkingame's Arithmetic. 

New Edition, carefully revised by S. Hatnard. 12mo. 3«. 6d. cloth. 

Morrison's Book -Keeping, and Forms. 

The Elements of Book-keeping, oy Single and Double Entry; comprising several 
Sets of Books, arranged accoraing to Present Practice, and designed for the use 
of Schools. By James Morrison, Accountant. New Edition, considerably, 
improved. 8vo. Ss. half-bound. 

Sets of Blank Books^ruled to correspond witli the Four Sets (iontained in the 
above work : Set A, Single Entry, 3s •^ Set B, Double Entry, 9s. ; Set C, Com- 
mission Trade, 12s. ; Set D, Paruiership Concerns, 4s. 6d. 

Morrison's Commercial Arithmetic, and Key. 

A Concise System of Commercial Arithmetic. By J. Morrison, Accountant. 

New Edition, revised and improved. 12mo. 4s. 6dr. bound. 
Kbt. 3d Edition, corrected and improved by S. MAnTARD, Edifor df *' Keith's 

Mathematical Works." 12mo. 8s. bound. 

Nesbit's Arithmetic, and Key. 

A Treatise on Practical Arithmetic. By A. Nbsbit. Sd Edition. 12mo.6s.bd. 
A Kbt to the same. 12mo. 6s. bound. 

Part II. of Nesbit's Practicid Arithmetic. 12mo. 7« bd. bound. 
Kbt to part II. 12mo. 7s. bound. 
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Peschel's Elements of Physics. 

The Elements of Phytics. B7 C. F. Pxschbl, Principal of the Royal Militaiy 
College, Dmden. Translated from the German, with Notes^ by E. Wsarr. 
t vols. fcp. 8vo. with Woodcutii and DtRgrams. %ls. cloth. 

{Part 1. The Phjrsics of Ponderaole Bodies. Fcp. 8to. 78. 6d cl. 
. Part 2. Imponderable Bodies (Light, Heat, MagnetUm, Elec- 
( tricitjr, and Electro-Djmamics). 2 rtds. fcp. 6vo. ISs. 6d. cloth. 

Mr. Gower's Scientific Phenomena of Domestic Life, 

Familiarly explained. 2d Edition. Fcp. 8to. with woodcuts, te cloth. 

Contents:— 1. The Bedroom; 2. The Breakfast Parlour; 3. The Morning 
Walk ; 4. The Kitchen; S. The Study; 6. The Summer's Erening; 7. Lati- 
tude ; 8. Longitude ; 9. The Sea Shore. 

Mrs. Lee's Natural History for Schools. 

Elements of Natural History, for the use of Schools and Young Persons ; com- 
prising the Principles of Classification, interspersed with amusing and in- 
structive Original Accounts of the most remarkable Animals. By Mrs. Lkb. 
l2mo. with 60 Woodcuts, 7s. 6d. bound. 



WORKS FOR YOUNG PEOPLE, BY MRS. MARCET. 



New Edition. 



New 



New Edition. 



Spellinc: Book : The Mother's First Book : 

Containmg Reading made Easy, and the Spelling Book. 
12mo. with Woodcuts, Is. Hd. dotn. 

Willy's Grammar : 

Interspersed with Stories, and intended for the use of Young Bo3ra. 
Edition. ISmo. 28. 6d. cloth. 

Mary's Grammar : 

Interspersed with Stories, and intended for the use of Girls. 
18mo. 3s. 6d. half-boimd. 

The Game of Grammar : 

With a Book of Conversations, shewing the Rules of the Game, and affording 
Examples of the manner of playing at it. In a varnished box , or done up as a 
post 6to. volume, 8s. 

Conversations on Language, for Children. 

New Edition. ISmo. 4s. 6d. cloth. 

Lessons on Animals, Vegetahles, and Minerals. 

New Edition. 18mo. 2s. cloth. 

Conversations on Land and Water. 

New Edition, revised and corrected. Fcp. 8vo. with a coloured Map, 8s. 8d. 

Conversations on Chemistry. 

New Edition, revised, corrected, enlarged, and improved. 2 voIb. fcp. 8to. 
I4s. cloth. 

Conversations on Natural Philosophy. 

New Edition. Fcp. 8vo. with 23 Plates, lOs. 6d. cloth. 

Conversations on Vegetable Physiology. 

New Edition. Fcp. 8vo. with four Plates, 98. cloth. 

Conversations on Political Economy. 

New Edition. Fcp. 8vo. 7s. 6d. cloth. 

Conversations on the History of En^^land. 

For the Use of Children. New Edition, with continuation to the Reign of 
George III. 18mo. 6s. cloth. 



8TAKDABD EDUCATIONAL WORKS. 13 

GEOGRAPHY AND ATLASES. 

Dr. Butler's Ancient and Modern Geography. 

A Sketch of Ancient and Modem Geography. Bj Samccl Butler, D.O. lat* 
Bishop of Lichfield, formerly Head Master of Shrewsbury School. New Edition, 
rcTised by his Son. 8vo. 9s. boards ; bound in roan, 10s. 

Dr. Butler's Ancient and Modern Atlases. 

An Atlas of Modem Geography ; consisting of Twenty-three Coloured Mara, from 
a new and corrected set of pUtes: with a complete Index. New Edition. 
8to. 128. half- bound. 

An Atlas of Ancient Geography; consisting of Twenty-two Coloured Maps* 
. with a complete Acoentuatea Index. New Edition, corrected. 8vo. 12s. half- 
bound. 

A GKueral Atlas of Ancient and Modem Geoimiphy ; consisting of Foity-fivc 
coloxired Maps, and Indices. New Edition, corrected. 4to. 24s. half-bound. 

*/ The Latitude and Longitude are giren in the Indices. 

Abridgment of Butler's Geography. 

An Abridgment of Bishop Butler's Modem and Ancient Geography : arranged in 
the form of Question and Answer, for the -use of Beginners. By Habt 
CoNMlHOHAM. 3d Edition. Fcp. 6to. 2s. cloth. 

Dr. Butler's Geographical Copy- Books. 

Outline Gef)gr8phical Copy-Books, Ancient and Modem : with the Lines of Latl- 
tnde and Lon^tude only, for the Pupil to fill up, and designed to accompany 
the above. 4to. each 4s. ; or together, sewed, 7s. 6d. 

The Geography of Palestine and the Holy Land, 

Including Phoenicia and PhiUstia: with a Description of the Towns and 
Places in Asia Minor visited by the Apostles. By W. M'Leod, Head Master 
of the Model School, Royal Military Asylum, Chelsea ; late Master of th« 
Model School, Battersea. 12mo. C^^ ^" press. 

Goldsmith's Popular Geography. 

G eography on a Popular Plan. New Edit, including Extracts ftom recent Y eyagcs 
and TraTcls, with Engravings, Maps, &c. By Rev. J. Goldsmith. 12mo.140.Dd. 

Bowling's Introduction to Goldsmith's Geography. 

Introduction to Goldsmith's Grammar of Greography : for the use of Junior Pupils. 

By J. Dowuxo. NewEdition. 18mo. 9d. sewed. 

By the same Author, 
Five Hundred Questions on the Maps in Goldsmith's Grammar of Geography. 

New Edition. ISmo. 8d. — Kst, 9a. 

Goldsmith's Geography Improved. 

Grammar of General Geography : for the Use of Schools and Young Persons. 
By the Rev. J. Goldsmitb. Mew Edition, improved. Revised throughout and 
corrected by Hugh Murray, Esq. Royal 18mo. with New Yiews, Maps, &c. 
Ss. 8d. bound. — KBT,9d. sewed. 

Mangnall's Geography, revised. 

A Compendium of Geography ; for the use of Schools, Private Families, Ac. By 
R. Mamomall. a new Edition, revised and corrected throughout. 12nM>. 
7s. 6d. bound. 

Hartley's Geography, and Outlines. 

Geography for Youth. By the Rev. J. Hasti.et. New Edit, (the 8th), containing 



- - - °7 . 

the latest Changes. 12mo. 4s. 6d. bound.— By the sacae Author 

Outlines of Geography : the First Course for Children. New Edit. 18mo. 9d. sd. 
THE FRENCH LANGUAGE. 

Chambaud's Grammar of the French Tongue : 

With a Preface, containing an Essay on the proper Method or Teaching and 
Learning that Language. Revised and corrected agreeably to the Dicwnary 
of the French Academy, by M. Oes Carti&res. 8vo. 5s. 6d. bound. 
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New Modem Frtneh M$adinff Book far Sehool* tmd Toumg Ptrwont. 

Morceaux Choisis des Auteurs Modernes, 

A I*nsaffe de la Jeunesse. By F. Rowan. With a Vocaboltfj of the Nev and 
Difficult Words and Idiomatic Phrases adopted in Modern French Literature. 
Foolscap 6vo. [Just rcauly. 

*,* The chief object of this rolume is to offer the means of making the youtb 
of Enifland acquainted with tlie French language, as it is spoken m the pre- 
sent day, and as it is presented in the works of the modem authors of France, 
without the risk of sullying the mind of the young reader by an introduc- 
tion to such scenes and principles as but too often disgrace the pages of writers 
who would be an honour to humanity were their moral qualities but equal to 
their genius. 

The second obtect is to facilitate the task of the teacher, by eodeaTouring to ren- 
der the work attractivi; in the eres of the pupil : and such selections hav« 
Uierefore been made as will, it is Hoped, be interesting and entertaining to the 
young reader, while, at the same time, they will prove worthy specimens of 
the peculiar style of their respective authors, and sufficiently demonstrate the 
great idiomatic revolution which has taken place in the French language 
within the last quarter of a century. 

Hamel's French Grammar and Exercises,by Lambert. 

Hamel's French Grammar and Exercises. A New EUiition, in one volume. 
Carefully corrected, greatly improved, enlarged, and re-arranged. By N. 
Lambert. 12mo. 6». 6d. bound. 

HamePs French Grammar. — (The Original Edition.) 

A New Universal French Grammar ; being an accurate System of French Acci- 
dence and Syntax. By N. Hamel. New Edit, improved. 12mo. 4s. bound. 

HamePs French Exercises, Key, and Questions. 

French Grammatical Exercises. By N. Hamel. New Edition, carefully revised 

and greatly improved. 12mo. 4s. bound. 
Kev, l2mo. 8s. bound.— -Qoestions, with Key, Sd. sewed. 

Hamel's World in Miniature. 

The World in Miniature ; containing a faithAiI Account of the Situation, Extent, 
Productions, Government, Population. Manners, Curiosities, &c. of the different 
Countries of the World : for Translation into French. By N. H\mel. New 
Edition, corrected and brought down to the present time. l2mo. 4s. 6d. bd. 

Tardy's French Dictionary, improved by Tarver. 

Tardy's Explanatory Pronouncing Dictionary of the French Language, in 
French and Enzlish; wherein the exact Sound of every Syllable is distinctly 
marked, acconUng to the method adopted in Walker's Pronuncing Dic- 
tionary. To which are prefixed, the Principles of the French Pronun- 
ciation, &c. New Edition, carefully corrected and improved, and enlarged, 
bv the introduction of many new Words. By J. C. J. Tartbb, Frencll 
Master, Eton. 12mo. [Just ready. 

Dr.Wanostrochl's Grammar of theFrench Language: 

With practical exercises. 20th Edition, revised by J. C. J. Tarver, French Master, 

Eton. 12mo. 48. bound. 
New editions of Dr. Wanostrocht's other elementary works and school editiow 

of classical writers : — 



bd. 



1. French Voc.ibulary. 12mo. 3s 

2. Ttfl^macjue. 12mo. 4s. 6d. bd 

3. Ke(ueil Choibi. 12mo. 3s bd. 

4. Secuel to ditto. 12mo. 4s. bd. 
6. Numa Pompilius. 12mo. 4s. bd, 

6. Gil Bias. 12mo. &s. bd. 

7. Livte des Enfonts. 12mo. 2s. bd 



8. French and English Dialogues. 

I2mo. 28. bd. 

9. Liturgie de L'Eglise Anglaise. 

32mo. 48. bd. 
10. Key to the Grammar, by Tentouil- 
lac. 12mo. 3s. bd. 



THE ENGLISH LANGUAGE. 
Orammartf Beading Books, and Miscellaneous Works. 

The Modern Poetical Speaker : 

A Collection of Pieces adapted for llecitation, carefuUv selected from the 
English Poets of the NinetfenUi Cfntury. By Mrs. Palliser. l^tedicated, by 
permission, to the Ilight lion, the Dowager Lady Lyttelton. 12mo.6s. bouna. 
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Sewell: The New Speaker and Holiday Task-Book. 

Selected from clanical Greek. Latin, and EnsIUh writer*: — Dumosthenea, 
Thncjdidea, Homer, Sophocles, Cicero, Liry, Virgil, Lucretitu, Shakspeare, 
Milton, Bnrke, Bacon, &c. By the R«t. W. Sbwbx.l, B.D. Fellow and Tutor 
of Exeter College, Oxford. 12ino. 6s. bound. 

** The compiler has throughout confined himself to old and acknowledged 
standard writers. The English prose is chiefly from Burke and Barrow. The 
English porti«>D is a vast improYrment npon the old ' Speaker.' With regard 
to tiie learned languages, the boy must be well pounded and pretty far ad- 
vanced, to enter with spirit into the passages given from I'hncydidea and 
Plato : but this is rkther an argument in its favour. It is a new feature, that 
there are a few extracts from St. Chrysostom. The moral aim of the book is 
excellent The compiler has in his choice restricted himself to * passages 
which contain, not merely exhibitions of passion or eloquence, but those 
kinds of sentiments which might be easily lielt and appreciated by the young 
mind properly ctdtivated, and those trutlis which are most required to be 
impressed upon the young without touching immediately upon religion, or 
descending into the ordinary conventional teaching of morality, which too 
often encourages a kind of cant.' Upon the whole we beg to recommend this 
as a manly and scholarlike book, happily selected, carefully edited, and well 
printed . "—£ngli8h Journal of Education. 

Maunder's Universal Class-Book : 

A New Series of Reading Lessons (original amd selected) for Every Day in the 
Year: each Lesson recording some important Event in General History, Bio- 
graphy. &c., or detailing, in familiar language, interesting facts in Science, 
with Questions for Examination. By Sahcel MAriiDZR, Author of '* The 
Treasury of Knowledge," &c. New Edition, revised. 12mo. 6s. bound. 

Mrs. Felix Summerly*s Mother's Primer. 

The Mother's Primer. A Little Child's First Steps in many ways. By Mrs. Felix 
SvitMER.LT. Fcp. 8vo. printed in Colours, with a Frontispiece drawn on Zinc 
by William Mulrcady, K.A. Is. sewed. 

The Rev. J. Pycroft's Course of English Reading. 

A course of English Reading adapted to every Taste and Capacitv: with Anec- 
dotes of Men of Genius. By the Rev. JauesPtcroft, B.A., Author of " Latin 
Grammar Practice," &c. Fcp. 8vo. 66. 6d. cloth. 

The Debater : 

Being a series of complete Debates, Outlines of Debates, and Questions for 
Discussion : with ample References to the best Sources of Information on 
each particular Topic. By Frederic Rowton, Fcp. 8vo. 68. cloth. 

Lindley Murray's Works. 

*a* THB LATtar AND ONLY GeHVINX EdITIONI, WITH THE ADTHOB'S TIH 4L 
COR&ECTIU.NS AMD IMPROVEMBNTH. 



1. First Book for Children. 18mo. 6d. 

2. English Spelling- Book. 18mo. 18d. 

3. Introduction to the English Reader. 

12mo. 2b. 6d. 

4. The English Reader. 12mo. 38.6d. 
6. Sequel to ditto. 12mo. 4s. 6d. 

6. English Grammar. 12mo. 3s. 6d. 

7. English Grammar abridged. 

18mo. Is. 
6. English Exercises. 12mo. 28. 

9. Key to Exerci^'es. 12mo. 2s. 

10. Exercises and Key. In 1 vol. 3s. 6d. 

11. Introduction uu Lecteur Frangois, 

12mo. 3s. 6d. 



12. Lecteur Fransoia. 12Tno. 5s. 

13. Library Edition of Grammar, Exer- 

cises, and Key. Z vols. 6vo. 21s. 

Fitst Lessons in English Grammar 

New edit, revised and enlarged. 

18mo. 9d. 
Grammatical Questions, adapted to 

the Grammar of Lindley Murray : 

with Notes. By C Braolet. 

A.M. 12mo. 28. 6d. 
Enlarged Edit, of Murray's Abridged 

English Grammar, by Dr. Giles. 

16mo. Is. 6d. 



Mavor's Spelling Book. 

The English Spelling-Book : accompanied by a Progressive Series of easy and 
furailiar Lessons : intended as an Introduction to the Reading and Spelling of 
the Englibh Language. By Dr. Ma von. 460th Edition, with various revihions 
and improvements of Dr. Mavor. 12mo. with Frontispiece, and 44 Wood 
Engravings, Is. 6d. bound. 

Carpenter's Spelling-Book. 

The Scholar's Spelling Assistant ; wherein the Words are arranged according to 
their principles of Accentuation. By T. Carpemter. New Edition, corrected 
throiighout. 12mo. is. 6d. bound. 
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Progressive Exercises in English Composition. 

By Se Rev. R. G. Paxker, A.M. IStb Edition. 12mo, la. 6d. doth. 

Walker's Dictionary Remodelled. 

Walker's Pronouncing Dictionary of the English Language, adapted to the 

Present state of Literature and Science. By B. H. SHii&T. Second Edition, 
'o ikhich are now added, an Enlanred Etymological Index, and a Supplement, 
containing nearly Three ThonsandWordB not included in the previous edition 
of the Dictionary. 8to. 10s. cloth. 

*«* The Supplement, with the Etymological Index, may be had separately. 

8vo. Ss. 6d. sewed. 

Walker's Dictionary Epitomised. 

Walker's Pronouncing I^cuonary of the English Language, Epitomised on a 
plan which allows of fall Definitions to the leading Words, and large additions 
to the Terms of Modem Science: with a Key to the Pronunciation of Greek, 
Latin, and Scripture Proper Names. By B. H. Siia.kt. New Edition. 
16mo. 7s. 6d. cloth. 

Graham's Art of English Composition. 

English ; or. The Art of Composition explained in a series of Instructions and 
Examples. By G. F. Gbabam. 2d Edition, revised and corrected. Fcp. 8vo. 
7s. cloth. 

Graham's Helps to English Grammar. 

Helps to English Grammar ; or. Easy Exercises for Tonng Children Illustrated 
by Engravings on Wood. Bj G. F.Gklbxu. 2d Edition. 12mo. Ss. doth. 

English Synonymes classified and explained : 

Wnh Practical Exercises, designed for Schools and Private Tuition. By 
G. F. GRA.HA1I. Fcp. 8to. 7s. cloth. 

Aikin's Poetry for Children. 

Poetry for Children ; consisting of Sdections of easy and interesting Pieces from 
the best Poets, interspersed with Original Pieces. By Miss Aikim. Mew Edition. 
18mo. with Frontispteoe, 2s. doth. 

Lady Fitzroy's Scriptural Conversations. 

Scriptural Conversations between Charles and his Mother. By Last CHAJii.xa 
FiTCROT. Fcp. 8vo. 4s. 6d. cloth. 

Maunder's Popular Treasuries. 

1 The Treasury of Knowledge, and Library of -Reference : a Compendium of 
Universal Knowledge. 

2. The Scientific and Literary Treasury : a copious Popular Encyclopedia of 

the Belles-Lettres. 

3. The Biographical Treasury : a Dictionary of Universal Biography ; com- 

prising above 12,000 Memoirs. 

4. The Historical Treasury: an Outiine of Universal History; separate Hi»> 

tories of every Nation. 

*,* New Editions, corrected and enlarged, price 10s. each work, fcp. 8vo. cloth; 
or 128. bound in embossed roan. 

Works by Prof. Robert Sullivan, A.M. T.C.D. qfiht 
Education Boards Dublin, 



1. Geography Generalised. 

* New Edition. 12mo. 2s. 

2. Introduction to Geogra- 

phy New Edition. 18mo. Is. 

3. Dictionary of Deriva- 

tions. New Edition. 12mo. 
Sa.6d. 

4. The Spelling-book Super- 

seded. New Edition. ISmo. 
Is. 4d. 



5. English Grammar Sim- 

plified. New Edition. l8mo. 8d. 

6. Lectures on Popular 

Education. 12mo. 2s. 6d. 

7. Outline of the Methodsof 

Teaching in the National Model 
Schools, Ireland. 18mo. 6d. 

8. School Dictionary of the 

English Language. 

[In the press. 



Wilsonand Ogilvy, Skinner Street, Snowhill, London. 
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